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ABSTRACT 

This  invostiKiition  is  intended  to  amplify  some  of  the  physieal  changes  at 
the  terminal  sequence  of  spermatogenie  activity  in  the  testes  of  the  male  house 
sparrow  (Passer  domesticus):  (1)  by  demonstrating  spermatokinesis  in  excised 
testes  in  vitro  in  hypotonic  solutions;  (2)  by  demonstrating  spermatokinesis  in 
testes  in  vivo  following  injections  of  chorionic  gonadotropins  and  eiiinephrine; 
and  (3)  by  correlating  siiermatokinesis  and  cellular  reactions  immediately  sub¬ 
sequent  to  hormone  injections  or  in  vitro  treatments  of  testes  with  other  histo¬ 
logic  changes  and  measurements  of  testicular  volume. 

All  excised,  fixed  testes  were  dehydrated  through  an  ethyl  alcohol-xylene 
series,  imbedded  in  paraffin,  sectioned  at  5  microns,  stained  with  Harris  hemo- 
toxylin  and  eosin,  and  mounted  in  piccolyte.  Testes  fixed  immediately  and 
testes  in  Ringer’s  solution  did  not  increase  in  volume  and  did  not  emit  sperm. 
Testes  in  distilled  water  increased  in  volume  and  emitted  sperm. 

Following  unilateral  castration,  in  situ  sparrow  testes  increase  in  volume 
after  injections  of  100  i.u.  of  .\.P.L.  or  0.1  mg.  of  epinephrin. 

The  histological  appearance  of  sections  of  variously  treated  testes  correlated 
directly  with  volume  increase  and  sperm  emission  data.  Sections  from  testes 
fixed  immediately  or  immersed  in  Ringer’s  yield  a  series  of  cross  sections  of 
open,  concentrically  organized  tubules.  There  is  a  peripheral-central  secjuence 
of  progressively  more  mature  spermatogenie  stages;  spermatogonia,  primary 
spermatocytes,  secondary  spermatocytes,  spermatids,  maturing  sperm  clumps 
and  detached,  mature  sperm  in  the  lumen.  Immaturity  was  recognized  in  terms 
of  lack  of  these  concentric  stages. 

Sections  from  testes  immersed  in  water  or  from  birds  injected  with  A.P.L. 
and  epinephrin  reveal  partially  closed,  debris-filled  tubules  whose  concentric 
organization  is  disrupted  in  varying  degrees  by:  (1)  expansion  and  vacuoliza¬ 
tion  of  a  parabasal  zone  of  primary  spermatocytes,  (2)  extension  of  Sertoli  cells 
and  disintegration  of  sperm  clumps,  and  (3)  sloughing  of  the  voided  ends  of 
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Sertoli  cells  and  the  amorphous,  achroinal  masses  which  lie  between  sperm 
clumps.  There  is  no  significant  variation  of  intertubular  si)aces  or  tissues  in  any 
of  the  preparations  discussed  in  this  study. 

PRESUMABLY  because  frogs  and  toads  are  extensively  u.sed  in  main 
malian  pregnancy  te.sts  and  for  other  laboratory  and  teaching  pur¬ 
poses,  their  hormonally  controlled  processes  of  spermatogenesis  and  spern 
release  have  been  studied  thoroughly.  It  is,  therefore,  not  .surprising  that 
the  first  causal  explanations  of  spermatokinesis  are  in  reference  to  this 
group  of  vertebrates.  Rugh  (1)  .suggested  that  the  contractile  force  of 
smooth  muscle  cells  in  the  capsular  and  interstitial  tissues  of  the  gra.ssfrog. 
testis  .supplies  sufficient  pre.ssure  to  force  sperm  out  of  the  seminiferous 
tubules.  McCourt  (2),  as  well  as  others  who  have  .sought  to  verify  this  con¬ 
dition  reported  no  positive  evidence  of  the  pre.sence  of  smooth  muscle  in  the 
te.stes  of  the  gra.s.sfrog.  He  reported,  however,  an  anterior-posterior  gradient 
of  sperm  maturation  and  relea.se  in  the  testes  of  frogs  repeatedly  stimulated 
by  injections  of  chorionic  gonadotropic  hormones. 

The  inve.stigations  of  DeRobertis  (3),  van  Oordt,  ct  al.  (4)  and  (liltz  (.')) 
indicate  that  a  hydrostatic  pressure  presumably  re.sulting  from  fluid  ac¬ 
cumulations  in  Sertoli  cells  initiates  sperm  release  when  these  cells  rupture. 
Moreover,  the  reports  of  the.se  and  other  investigators  take  note  of  the  con¬ 
sistent  fact  that  testes  enlarge  and  are  heavier  immediately  prior  to  sperm 
release  under  various  experimental  conditions. 

There  is  apparently  no  available  account  in  the  literature  explaining  the 
mechanism  of  spermatokine.sis  within  the  .seminiferous  tubules  of  the  testes 
of  an  amniote  vertebrate.  Nelsen  (6)  suggests  that  fluid  pressure  forces 
sperm  out  of  the  te.stes  of  all  vertebrates,  including  birds;  however,  he 
cites  no  source  of  information.  The  proximity  of  the  vascular  elements  of 
the  metanephric  kidney  and  the  te.stes  in  the.se  higher  vertebrates  is  less 
pronounced  than  in  the  me.sonephric  kidney  of  the  frog,  toad,  and  other 
anamniote  vertebrates.  Hydrostatic  pressure  changes  might  be  demon¬ 
strated  more  easily  in  closely  connecting  gonadal  and  renal  systems,  as  oc¬ 
curs  in  the  frog  and  toad,  than  in  distinctly  separate  systems  as  occurs  in 
the  reptiles,  birds,  and  mammals.  It  is  the  purpo.se  of  this  investigation  to 
explain  in  part  .some  of  the  physiological  and  morphological  changes  coin¬ 
cident  with,  and  presumably  operative  in,  the  release  of  sperm  within  the 
tubules  of  the  testes  of  the  hou.se  sparrow. 

M.\TERTALS  AND  METHODS 

'I'lic  s|)!ni()w.s  used  in  this  study  were  trappc'd  locally.  The  gonadotropic  hormones 
use(|  were  .Vyerst  brand  of  human  chorionic  gonadotropin  (.V.P.L.).  The  epinephrin 
used  was  Parke,  Davis  and  Company  adrenalin  hydrochloride. 

'I'estc's  of  mature  birds  removed  for  in  vitro  studies  were  immediately  measured  using 
a  serew-adjustment  divider  and  a  millimeter  ruler.  For  each  testis  the  long  axi.s  and  the 
diametrical  axes  perpendicular  to  each  other  were  determined  and  recorded  at  the  be¬ 
ginning  and  at  the  end  of  specified  periods  of  experimental  treatment  as  described  below. 
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■Vith  tlu'sc  nu'iisuivmoiits  tlic  voliiiurs  of  tlic  t(‘sti‘s  were  calcvilatiMl  as  cubic  inilliiucti'r 
oluiiu's  of  oblate  sj)hcroi(ls  by  tlic  formula  r  =  4  where  n  is  oue-balf  tlu'  lou}> 

ixis  in  mm.  ami  h  is  one-lialf  tlie  average  of  tlie  two  diametrical  axes  in  mm.  The  differ- 
nce  between  the  initial  and  final  volume  was  calculated  and  the  jM'rcentage  chanfje  in 
olume  was  determined  to  permit  better  correlation  of  volume  chaufjie  with  sperm  release 
ir  histologic  change.  'I'he  testes  from  the  same  bird  were  compared  in  all  cases  in  their 
(■actions  to  fluids  of  different  osmotic  tonicity.  .\11  fluids  were  at  approximately  25° 

This  procedure  provided  three  kinds  of  optimal  control-comparison  situations.  The 
irst  involved  immediate  fixing  of  one  member  of  a  i)air  of  testes,  whih-  the  other  testis 
vas  immersed  in  distilled  water  for  a  specified  period  of  time  before  fixing.  The  second 
omparison  utilized  the  same  procedure  except  that  the  second  member  of  each  ])air 
if  testes  was  immersed  in  Ringer’s  solution  for  warm-blooded  animals.  The  third  com- 
larison  was  effected  by  simultaneous  ammersion  of  one  testis  in  Ringer’s  solution  and 
ihe  other  in  distilled  water  for  an  equal  length  of  time  before  fixing. 

The  testes  were  measured  after  the  period  of  experimental  treatment  and  then  fixed 
IS-24  hours  in  Zenker’s  fluid  and  washed  lS-24  hours  in  running  tap  water.  These 
specimens  were  dehydrated  and  cleared  through  an  ethyl  alcohol-xylene  series  and  im¬ 
bedded  in  i)araffin.  Sagittal  .sections  at  5/i  were  stained  with  Harris’  hematoxylin  and 
cosin  and  mounted  in  piccolyte.  From  each  testis  a  representative  section  was  descril  e  I 
on  the  basis  of  3  major  criteria;  spermatogenic  activity,  organization  of  seminiferous 
tubule  cross  sections  and  intertubular  histology. 

(’omparison  between  members  of  each  pair  of  testes  during  the  in  vivo  phase  of  the 
study  was  accomplished  by  first  removing  the  left  testis  from  a  bird  anesthetized  with 
sodium  pentobarbital  (Nembutal,  .\bbott).  One  hundred  i.u.  of  .V.P.L.  or  0.1  mg.  of 
cpinephrin  was  injected  intramuscularly  and  the  remaining  testis  was  excised  after  30, 
(iO,  120,  240,  and  4(S0  minute  intervals,  .\fter  the  first  member  of  the  pair  of  testes  was 
excised,  both  were  measured.  Recause  the  in  situ  testis  is  rather  inaccessible,  accurate 
ineaurement  was  not  always  certain.  The  most  accurate  measurement  obtainable  gave 
a  fair  aijproximation  of  “pre-treatment”  dimensions  of  these  testes.  This  method  made 
possible  calculation  of  control  or  “pre-treatment”  volumes  of  the  treated  testes.  These 
testes  were  also  fixed  in  Zenker’s  fluid  and  prej)ared  for  sectioning  in  the  manner  ))re- 
viously  described.  .V  representative  section  from  each  slide  was  described  with  reference 
to  spermatogenic  activity,  organization  of  seminiferous  tubule  cross-sections,  and  the 
intertubidar  histology.  The  histological  ai)i)earances  of  the  testicular  sections  were  coi- 
related  with  gross  and  volumetric  changes  noted  during  the  exi)erimental  treatment. 

RESULTS 

('omparison  between  immediately  fixed  and  water-immersed  testes 
'bowed  an  appreciable  increa.se  in  tlie  volume  of  the  water-immersed  testis 
(Table  1).  Sperm  were  released  into  the  water  after  one  hour,  if  the  testis 
was  mature.  Also  conspicuous  changes  were  noted  in  the  morphology  of  the 
seminiferous  tubules.  This  was  not  theca.se  with  Ringer’s-immer.sed  testes. 
In  the.se  there  was  little  or  no  volume  change,  and  likewise  no  significant 
histologic  change  when  compared  to  immediately-fixed  testes. 

As  sparrow  testes  recrudesce,  the  germinal  epithelium  proliferates  at  such 
.1  rapid  rate  peripherally  in  the  seminiferous  tulmles  that  the  central  cavity 
or  lumen  forms  in  a  manner  which  suggests  the  development  of  an  elongate 
blastocoel  of  a  vertebrate  embryo.  The  sexually  mature  testis  pre.sents  a 
nass  of  enlarged  tubules  who.se  lumens  are  conspicuously  line<l  with 
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Table  1.  Volume  relationships  ix  sparrow  testes.  The  dimensions  and  volumes  of 

SPARROW  TESTES  WITH  REFERENCE  TO  FIXING  IMMEDIATELY,  IMMERSION  IN 

Ringer’s  solution  and  in  water,  and  to  hormone  injections 


Treatment 

Number 
of  testes 

.\verage 

volume 

before 

treatment 

.\verage 

volume 

after 

treatment 

Average  % 
change 
in  volume 

Sperm  in 
fluids 

Fix  immediately 

85 

201  mm.’ 

neg. 

Ringer’s  solution 

at)  min. 

10 

235  mm.’ 

241  mm.’ 

2.2% 

neg. 

(>0  min. 

5 

293  mm.’ 

302  mm.’ 

3.3% 

neg. 

12U  min. 

15 

224  mm.’ 

220  mm.’ 

0.9% 

neg. 

240  min. 

10 

200  mm.’ 

209  mm.’ 

1.5% 

neg. 

480  min. 

2 

280  mm.’ 

280  mm.’ 

0.0% 

neg. 

Distilled  water 

:{0  min. 

25 

251  mm.’ 

303  mm.’ 

22.2% 

neg. 

00  min. 

10 

281  mm.’ 

352  mm.’ 

28.1% 

pos. 

120  min. 

:}() 

297  mm.’ 

370  mm.’ 

27.3% 

pos. 

240  min. 

15 

300  mm.’ 

407  mm.’ 

35.9% 

pos. 

480  min. 

3 

300  mm.’ 

380  mm.’ 

33.3% 

pos. 

100  i.u.  A.R.L. 

intramu.scidarly 

00  min. 

15 

309  mm.’ 

402  mm.’ 

31  .0% 

Testes  in  mlu 

120  min. 

15 

283  mm.’ 

307  mm.’ 

30.0% 

240  min. 

0 

300  mm.’ 

380  mm.’ 

31.1% 

.400  i.u.  A.P.L. 

intramuscularlv 

120  min. 

10 

275  mm.’ 

301  mm.’ 

31.0% 

240  min. 

15 

272  mm.’ 

300  mm.’ 

30.5% 

0.1  mg.  epinephrin 
intramuscularly 

120  min. 

8 

291  mm.’ 

330  mm.’ 

18.0% 

240  min. 

12 

2i)9  mm.’ 

3()0  mm.’ 

22.0% 

meiotic  figures.  Interstitial  tissue  is  relatively  less  abundant  beeause  it  does 
not  proliferate  as  does  the  intra-tubular  tissue.  The  eoneentric  organization 
of  the  mature  tubule  is  a  peripheral-central  sequence  of  spermatogenic  cell 
types  from  the  inactive  spermatogonia  through  the  fully  metamorphosed, 
detached  sperm.  Attention  was  focused  on  the  spoke-like  arrangement  of 
dark-.staining,  maturing  sperm  with  heads  buried  in  the  ends  of  the  Sertoli 
cells.  Although  there  is  considerable  variation  in  the  whole  of  any  testis,  the 
sperm  clumps  are  usually  compact  and  aligned  along  the  margin  of  the 
zone  of  primary  spermatocytes.  Between  and  central  to  the  clumps  of 
sperm  and  their  tails,  which  in  fully  mature  tubules  have  a  wavy  appear¬ 
ance,  lies  an  acellular,  achromal  ma.ss  of  cell  debris,  sloughed  cytoplasm 
from  metamorphosing  spermatids,  and  degenerating  terminal  portions  of 
Sertoli  cells.  Variations  of  any  consequence  in  the  intertubular  spaces  and 
interstitial  tissues  were  not  observed  in  histological  compari.sons  of  the 
testes  of  variously  treated  birds. 

The  histologic  appearance  of  Ringer’s-immersed  testes  do  not  differ 
significantly  from  tho.se  fixed  immediately,  except  for  necrotic  changes  be¬ 
ginning  usually  after  1-2  hours,  (cf.  Fig.  1  and  Fig.  2). 
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The  degree  of  volume  increase  of  water-immersed  testes  appears  to  he  a 
function  of  time,  within  the  limits  of  8-4  hours  (Table  1).  When  the  volume 
of  mature  sparrow  testes  in  water  increases  approximately  80%,  sperm  are 
usually  observed  in  the  water.  This  critical  volume  is  usually  achieved  be¬ 
tween  one-half  and  one  hour,  and  constitutes  most  of  the  volume  change, 
rhere  is  usually  a  gradual  increa.se  in  volume,  after  the  critical  volume  is 
reached,  to  a  maximum  volume  in  8-4  hours.  Whenever  a  testis  increased 
in  volume  beyond  the  critical  volume  and  sperm  were  not  seen  in  the  water, 
the  testis  almost  always  proved  to  be  immature.  Conversely,  when  sperm 
appeared  in  Ringer’s  solution  or  especially  soon  in  water,  damage  to  the 
tunica  albuginea  usually  was  noted  macroscopically  or  microscopically. 

The  histological  appearance  of  sagittal  sections  of  water-immersed  testes 
is  strikingly  different  from  tho.se  fixed  immediately  and  those  immersed  in 
Ringer’s  prior  to  fixation,  (cf.  h’ig.  8  and  Fig.  4).  The  concentric  organiza¬ 
tion  of  the  normal  tubule  cro.ss-section  is  disrupted  primarily  between  the 
l)a.sement  membrane  and  the  ring  of  sperm-head  clumps  during  the  first 
liour  in  water.  The  primary  spermatocytes  here  expand  conspicuously  and 
after  an  hour  usually  are  ruptured,  thereby  sloughing  into  the  tubular 
cavity  sperm  clumps  and  germ  cells  in  various  stages  of  meiosis.  In  the  ini¬ 
tial  stages  of  water  immersion  the  tubular  elements  between  the  clumps  of 
sperm  erode  and  along  with  sloughed  cytoplasm  from  metamorphosing 
spermatids  and  ruptured  Sertoli  cells  constitute  a  ma.ss  more  den.se  in  the 
tubule  cavity  than  in  tho.se  testes  fixed  immediately  or  immersed  in  Ring¬ 
er’s  solution.  Within  four  hours  the  walls  of  many  tubules  in  these  water- 
immersed  testes  are  reduced  to  low  bands  of  spermatogonia,  a  few  early 
phases  of  primary  spermatocytes  and  basal  parts  of  Sertoli  cells. 

When  A.P.L.  is  injected  into  a  sparrow  the  gro.ss  changes  which  occur 
vary  with  time  from  the  initial  activity  of  the  hormone.  There  is  a  rapid 
initial  increa.se  in  the  volume  of  the  testis,  followed  by  a  slight  increase 
after  two  hours  (Table  1). 

Mature  testes  removed  a  few  minutes  after  the  administration  of  100 
i.u.  of  A.P.L.  are  not  different  from  control  testes  as  .seen  in  sagittal  sec¬ 
tions.  The  appearance  is  generally  like  that  described  for  the  Ringer’s-im- 
mer.sed  and  immediately-fixed  testes  discussed  previously.  By  the  end  of 
the  first  hour  after  A.P.L.  injections,  the  ring  of  meiotic  cells  and  the  di.s- 
organized  achromal,  acellular  debris  between  the  sperm  clumps  become 
slightly  dislodged.  These  elements  appear  to  move  into  the  tubular  cavity 
more  uniformly  than  their  counterparts  located  in  the  control  testis  (cf. 
Fig.  5  and  Fig.  6).  There  is  no  consistent  evidence  that  the  distended  area 
ruptures  as  a  sheet  of  cells  and  sloughs  off  as  in  water-immer.sed  testes,  but 
the  degree  of  expansion  is  quite  noticeable.  The  erosion  of  meiotic  celts  and 
achromal  elements  from  between  the  sperm  clumps  is  equally  apparent  by 
this  time.  In  fully  mature  tubules  the  sperm  clumps  begin  to  break  apart, 
discharging  mature  sperm.  .Vbsolute  counts  were  not  made,  but  whole 
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All  tissues  were  fixc'd  in  Zi'iiker’s  fluid,  section  at  o/x  and  stained  with  Harris’  henio- 
toxylin  and  eosin. 
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areas  of  voided  Sertoli  cells  were  noted.  In  contrast,  completely  intact 
>!perm  clumps,  often  in  the  cross-.section  of  the  same  tubule,  were  seen. 
Between  these  extremes  of  organization  of  sperm  clumps  all  gradations  of 
'iperm  dislodgement  were  observed.  The  completely  voided  areas  leave  a 
residue  of  amorphous  material  that  stains  approximately  as  intense  as  the 
cytoplasm  of  other  cells.  Usually  imbedded  in  this  achromal  mass  is  a 
longitudinally  oriented  mass  of  wavy  striations  which  may  correspond 
with  the  fibrils  described  by  Maximow  (7).  In  the  water-immersed  testes 
-perm  are  released  from  Sertoli  cells  fir.st  individually  as  in  A.P.L.-injected 
testes,  but  soon  the  sperm  clumps  dislodge  and  disintegrate  in  the  lumen  of 
the  tubule. 

Judged  by  measurements  of  the  remaining  testis  in  situ  after  unilateral 
castration  in  sparrows  the  gro.ss  changes  in  the  testes  of  epinephrin-injec- 
ted  sparrows  are  similar  to  those  of  water-immersed  testes  (Table  1). 

The  initial  spermatokinetic  effects  of  epinephrin  on  the  tubules  of  ma¬ 
ture  sparrow  testes  are  perhaps  more  rapid  than  those  producetl  by  A.P.L. 
The  zone  of  meiotic  cells  expands  slightly  and  becomes  vacuolated.  The 
amorphous,  achromal  mass  of  cytoplasmic  debris  forms  a  concentric  band 
central  to  the  ring  of  sperm  clumps  and  tails,  but  usually  the  lumen  is 
empty.  At  the  end  of  four  hours  the  sloughing  process  is  well  advanced,  the 
vacuolized  band  of  primary  spermatocytes  in  many  areas  ruptures  in  the 
same  zone  as  that  of  the  epithelium  of  water-immersed,  mature  testes  (cf. 
Fig.  7  and  Fig.  8).  The  loss  of  compact ne.ss  cf  sperm  clumps  is  evident  in 


Figs.  1  and  2  are  of  testes  from  the  same  sparrow. 

Fig.  1.  Section  througli  the  testis  of  a  sexually  mature  sjiarrow  which  was  fixed  im- 
mediatidy  after  removal.  Note  the  regular,  eoneentrie  arrangement  of  the  seminiferous 
tuhule,  .the  accumulation  of  amoriihous  debris  and  sperm,  and  the  uniform  sloughing  of 
mature,  detached  sperm.  (300 X). 

Fig.  2.  Section  through  the  other  testis  from  the  same  sparrow  fixed  afti'r  four  hours 
of  immersion  in  Ringer’s  solution  for  warm-blooded  animals.  (300 X).  The  essential 
organization  is  judged  to  be  about  the  same  as  that  of  the  tubule  above,  but  necrotic 
changes  are  so  extreme  that  deserijitions  are  not  certain.  Note  that  the  first  sign  of  break¬ 
down  of  the  tubule  wall  is  in  the  area  of  primary  spermatoeyti's  between  the  ring  of 
sperm  clumps  and  the  basal  layers  of  s|)ermatogonia.  (300X). 

Figs.  3  and  4  are  of  testes  from  the  same  sparrow. 

Fig.  3.  Section  through  testis  of  a  sexually  mature  sjiarrow  fixi'd  immediately  aftm- 
removal.  (300 X). 

Fig.  4.  Section  through  the  other  testis  from  the  same  sjiarrow  fixed  after  four  hours 
of  immersion  in  distilled  water.  Xoti;  the  extensive  breakdown  of  the  tubule  wall  es- 
jieeially  at  the  zone  b(‘twi>en  the  ring  of  sjierm  elumjis  and  tlu‘  basal  layms  of  sjiermato- 
gonia  and  ejiithelial  cells,  the  numerous  detached  sjierm  anil  amorjihous  debris  in  the 
lumen.  Fart  of  this  change  is  thought  to  be  due  to  ab.sorjition  and  jiart  due  to  necrosis. 
(300  X). 
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Fig.  5.  Section  through  the  testis  of  a  sexually  mature  sj^arrow  fixed  immediately 
aftt'r  eastrution.  (300 X). 

Fig.  C.  Section  through  the  other  testis  of  the  same  sparrow  castrated  and  fixed  four 
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almost  all  tubules  as  indicated  by  the  abundance  of  detached  sperm  in  the 
lumen.  In  a  few  cases  whole  sperm  clumps  are  sloughed  intact  and  can  be 
seen  in  various  stages  of  decomposition  within  the  tubule  cavity.  The  ero¬ 
sion  between  sperm  clumps  is  extensive  in  all  areas  and  leaves  some  tubules 
reduced  to  the  basal  elements.  Where  sections  were  taken  after  the  lumi¬ 
nal  mass  had  passed,  the  tubule  was  widely  open  and  bordered  only  by 
basal  epithelium  and  spermatogonia. 

DISCUSSION 

The  development  of  the  concept  of  how  gonadotropic  hormones  and 
epinephrin  function  in  the  testicular  and  vasa  deferens  release  of  sperm  be¬ 
gan  to  take  form  when  Hugh’s  (1)  description  of  smooth  muscle  in  the 
stroma  of  the  testes  of  the  grassfrog  proved  inaccurate.  However,  his 
earlier  correlation  of  frog  pituitary  injections  with  sperm  release  has  been 
adequately  verified  many  times,  and  again  in  this  study  (Fig.  6).  Giltz  (5) 
in  attempting  to  explain  how  excessive  water  absorption  from  frog  lymph 
sacs  causes  soerm  release  found  he  could  reproduce  the  same  phenomenon 
by  immersing  the  excised  testis  in  hypotonic  solutions.  When  similar  re¬ 
sults  were  obtained  from  sparrow  testes  immersed  in  water,  but  were  not 
obtained  from  testes  immersed  in  Ringer’s  solution,  it  appeared  that  a 
physical  force  produced  by  the  diffusion  of  water  into  the  celts  was  acting, 
(cf.  Fig.  2  and  Fig.  4).  The  histological  changes  which  water  produces  in 
excised  testes  include  swelling  and  distention  of  tubular  elements,  es¬ 
pecially  primary  spermatocytes,  and  liberation  of  metamorphosed  sperm 
from  clumps.  This  physical  force  of  water  distention  of  tissue  could  occur 
in  the  intact  bird  and  account  for  a  sufficient  source  of  fluid  pressure. 

The  changes  which  occur  in  testes  in  situ  are  very  similar  to  those  de¬ 
scribed  as  taking  place  in  water-immersed  testes.  If  this  is  the  case  perhaps 
the  same  physical  forces  associated  with  water  absorption  into  cells  oper¬ 
ates  in  the  intact  testis  after  an  injection  of  A.P.L.  or  epinephrin.  The  same 

hours  after  the  injection  of  A.P.L.  intramuscularly.  X’ote  the  extensive  sloughing  of 
cellular  debris  from  the  area  between  the  sperm  clumps  and  also  the  numerous  detached, 
mature  sperm  in  the  lumen.  (.300 X). 

Figs.  7  and  8  are  of  testes  from  the  same  sparrow. 

Fig.  7.  Section  through  the  testis  of  a  sexually  mature  sparrow  fixed  immediately 
after  castration.  (.300 X). 

Fig.  8.  Section  through  the  other  testis  from  the  same  sparrow  castrated  and  fixed 
four  hours  after  the  injection  of  einneiihrin  intramuscularly.  Note  the  sloughing  of  tubule 
elements  especially  between  the  sperm  clumps.  Note  also  the  accumulation  of  numerous 
detached,  mature  sperm  in  the  lumen  along  with  much  of  the  amorphous,  acellular 
debris.  The  absence  of  this  eiiithelial  debris  and  many  of  the  sperm  clumps  give  the 
appearance  of  a  more  extensive  lumen.  This  is  more  typically  the  result  in  a  tubule  where 
most  of  the  sperm  are  completely  metamorphosed.  (.300 X). 
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or  similar  histologjical  clianges  accompany  spermatokinesis  in  mature 
sparrows  hut  there  is  no  evidence  that  precisely  the  same  mechanisms  arc 
operating,  (cf.  P'igs.  6  and  8)  DeRohertis,  ct  al.  (3)  describe  in  the  toad  the 
expansion  and  rupture  of  Sertoli  cells  which  liberate  sperm  into  the  lumen 
of  seminiferous  tubules  in  response  to  implarits  of  toad  anterior  pituitary. 
Van  Oordt  et  al.  (4)  describe  a  similar  sequence  of  events  in  the  release  of 
mature  sperm  in  the  testes  of  the  grassfrog.  The.se  findings  seem  to  support 
the  conclusion  that  in  the  sparrows  used  in  this  study  water  ab.sorption  of  a 
sufficient  degree  causes  the  rupture  of  Sertoli  cells  and  the  sub.sequent  re- 
lea.se  of  sperm.  This  phenomenon  is  perhaps  effected  by  hormone  induced 
general  increase  in  permeability  of  cell  membranes  to  water.  Changes  as¬ 
sociated  with  meiotic  cell  division  are  known  to  include  alterations  in  the 
viscosity  of  the  cytoplasm.  Changes  in  membrane  polarization  of  dividing 
cells  also  indicate  an  increase  in  the  absorption  of  water. 

The  .similarity  of  the  response  to  A.P.L.  and  epinephrin  does  not  nece.s- 
.sarily  indicate  that  the  mechanism  is  the  same  in  each  case  or  that  there  is 
even  a  direct  action  by  .\.P.L.  and  epinephrin  on  the  membranes  of  the 
cells  discussed.  While  this  study  is  an  attempt  to  ascribe  a  physical  re¬ 
sponse  to  A.P.L.  and  epinephrin  at  the  cellular  level,  the  de.scription  is  still 
morphological  in  es.sence  and  provides  little  insight  to  the  chemical  natuie 
of  the  reactions  involved. 
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ADVERSE  EFFECTS  OF  C'ROWDING  ON  LACTATION 
AND  REPRODUCTION  OF  MICK  AND  TWO 
GENERATIONS  OF  THEIR  PROGENY^ 

JOHN  .1.  CHRISTIAN  and  COBEHT  I).  LEMUNYAN 

Xai'ol  Medical  ItcHcarrli  hiiditiitc,  Xntional  XavnI  Medical  (\nlcr,  lietliesda,  Manjlaad 

ABSTRACT 

Knell  of  7  iMiimlations  of  20  male  and  20  female  mature  miee  (isolated  sinee 
weaning)  was  jilaeed  in  a  13  in.XlN  in.  eage  for  0  weeks  whieh  eonstituted 
exiierimental  erowdiiif;.  Xo  youns  wme  horn  during  this  jauiod.  Tlie  miee  wme 
established  as  jiairs  after  erowdiiiK,  one  pair  per  ease.  Hif^h  mortality  of  males 
during  erowdiiif;;  rostrieted  the  number  of  pairs  available  to  SS,  of  whieh  OS  h.ad 
litters  and  5()  jiairs  weaned  litters  after  sesregation  into  pairs.  W’lMghts  of  prog¬ 
eny  W(‘re  obtained  at  birth  and  eaeh  of  the  5()  litters  was  matehed  and  half  lit¬ 
ters  switehed  with  one  of  ecpial  size  and  age  born  to  a  female  whieh  had  re¬ 
mained  isolated.  W  eights  of  the  young  were  obtained  weekly  for  three  wei'ks. 

'I'he  mean  weights  at  birth  of  jirogeny  of  ju'eviously  eiowded  and  of  isolated 
mice  did  not  differ.  A'oung  nursed  by  erowded  females  were  15%  lighter  at 
weaning  than  those  nur.sed  by  isolated  miee  (P  <0.001).  The  weights  of  progeny 
did  not  differ  signifieantly  with  respeet  to  whieh  mother  bore  them  or  to 
whether  they  were  nursed  by  foster  or  by  their  own  mothers.  Th(>  nnain  weight 
of  jirogeny  nursed  by  eiowded  or  by  isolated  mothers  deereased  with  inenaising 
litter  size.  Progeny  from  litters  of  0  or  mor(“  nursed  by  erowded  niothms  weiglu'd 
signifieantly  less  (17%)  than  those  nursed  by  isolated  females,  but  the  wc'ights 
did  not  differ  signifieantly  for  litters  of  5  or  less. 

Young  nurtured  by  erowded  miee  were  (laired  and  their  litters  similarly 
matehed  and  half  litters  exehanged  with  oik's  of  similar  age  and  size  born  to 
isolated  mothers.  Progeny  nurturi'd  by  females  in  turn  nurtured  by  erowded 
mothers  weighed  8%  less  than  tlieir  eontrols  (P  <().()()).  They  averaged  18% 
lighter  than  their  eontrols  for  litters  of  8,  9  and  10  (P  <0.005)  but  were  not 
signifieantly  lighter  in  smaller  litters. 

It  was  eoneluded  that  sui)])ressed  growth  of  progemy  nurtured  by  erowded 
mothers,  persisting  for  at  h>ast  2  generations,  was  due  to  quantitatively  and/or 
qualitatively  defieient  laetation  resulting  from  erowding.  Sueh  attenuation  of 
the  eflfeets  of  erowding  may  explain  the  long-eontinued  deeline  in  natural 
l)oi)ulations  following  peak  hnads  and  a  i)reeipitous  erash  in  numbc'rs. 

.\n  eighth  poj)ulation  of  10  male  and  10  female  miee  was  saerifieed  after 
()  weeks  of  erowding  and  eompared  with  10  littermate  segregated  pairs  for  ri'- 
produetive  funetion.  rteriiu'  implantation  sears  wen*  pre.sent  in  all  females  of 
both  groups,  but  only  3  of  the  erowded  females  bore  litters  or  ever  appt'ared 
gro.ssly  i)regnant,  whereas  all  of  the  segregated  femah's  boie  litt('rs.  Tin*  number 
of  implantations  peu'  mouse  and  number  of  young  i)er  litt(‘r  were  signifieantly 

Reeeived  December  23,  1957. 

'  The  oirinions  or  assertions  contained  herein  are  the  i)rivate  ones  of  tin*  writcus  and 
are  not  to  be  construed  as  official  or  reflecting  the  views  of  the  Navy  Department  or  the 
naval  service  at  large. 
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less  in  the  crowded  females.  It  was  eoncluded  that  crowding  resulted  in  intra¬ 
uterine  mortality  and  probably  diminished  fertility,  explaining  why  none  of  the 
mice  in  the  preceding  7  j)opulations  ever  appeared  i)regnant  during  crowding 
and  why  almost  half  never  bore  litters,  even  after  segregation. 

The  importance  of  reproduction  to  the  growth  and  .survival  of  a  popu¬ 
lation  i.s  in  its  ability  to  produce  reproductively  competent  individuals 
(1).  A  decline  or  failure  in  the  productivity^  of  a  population  therefore  may 
result  from  (a)  decreased  fertility,-  (b)  failure  of  the  zygotes  to  implant 
properly,  (c)  increa.sed  postimplantational  intra-uterine  mortality,  (d)  post¬ 
parturient  failure  to  survive,  or  (e)  failure  of  the  young  to  mature  properly. 
Deficient  lactation  could  produce  mortality  of  the  nursing  young  directly 
by  starvation  or  indirectly  by  inanition  with  a  resultant  decreased  re¬ 
sistance  to  disea.se  or  environmental  exigencies.  The  developmental  stage 
at  which  reproductive  failure  occurs  is  unimportant  in  terms  of  the  im¬ 
mediate  population,  but  is  important  if  the  adverse  effects  are  such  that 
the  progeny  are  permitted  to  survive  with  diminished  reproductive 
competency. 

Decreased  productivity  in  mammalian  populations  a.ssociated  with  in¬ 
creased  population  density  has  been  demonstrated  with  hou.se  mice  and 
voles  in  the  laboratory  with  voles  and  Norway  rats  under  natural  condi¬ 
tions  (2-13).  Data  collected  from  natural  populations  of  other  species 
suggest  a  similar  relationship  (14,  15,  Ifi).  Investigators  agree  that  de¬ 
creased  productivity  is  associated  with  a  ces.sation  of  population  growth, 
but  there  is  no  general  agreement  on  the  cau.ses  for  the  diminished  produc¬ 
tivity.  Several  mechanisms  have  been  implicated  and  any  or  all  of  them 
could  participate  in  reducing  productivity  coincident  with  increasing 
population  density.  A  decline  in  the  activity  of  the  reproductive  organs 
occurs  in  respon.se  to  increa.sed  population  density  (7,  10,  11,  12).  House 
mice  from  populations  of  high  den.sity  exhibit  increased  prenatal  mortality 
(12).  Increased  mortality  of  young  prior  to  and  immediately  following 
weaning  has  been  associated  with  increased  den.sity  in  several  studies  (4,  5, 
0,  S,  9,  12,  17).  Mortality  during  nursing  may  be  due  to  altered  maternal 
behavior  ((>,  9)  or  to  deficient  lactation  (12,  18).  Young  house  mice  and  red- 
backed  voles  from  populations  of  high  density  either  fail  to  mature  or  their 
maturation  is  significantly  delayed  (12,  1.3).  Thus  increased  mortality  of 
the  young  a.ssociated  with  increased  population  den.sity  occurs  at  all  .stages 
of  fetal  and  postnatal  development.  It  i.s  possible  that  all  of  these  forms  of 
mortality  are  attributable  to  a  common  mechanism:  The  physiological 

*  Productivity  is  defined  for  the  present  purposes  as  the  produetion  of  reproductively 
competent  recruits  for  a  population.  Fertility  is  used  in  a  restrictive  sense  meaning  the 
ability  to  produce  viable  ova  and  sperm  capable  of  producing  viable  zygotes.  Fecunditj’ 
is  defined  as  the  ability  to  give  birth  to  living  prog(*ny.  Productivity  obviously  includes 
fertility,  fecundity  and  lactational  competeney. 
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responses  to  intraspeeific  eompetition  and  its  sequelae  (10,  11,  12,  19,  20, 
21,22,23). 

Intra-uterine  or  postparturient  factors  adversely  affecting  the  ability 
of  surviving  progeny  to  reproduce  would  seriously  affect  the  future  of 
their  populations.  Inadequate  nutrition  during  nursing  or  intra-uterine 
physiological  derangements  conceivably  covdd  produce  such  manifesta¬ 
tions.  Chitty  (17)  ob.served  that  the  progeny  of  voles  from  dense  popula¬ 
tions  were  more  .susceptible  to  disea.se  and  le.ss  resistant  to  various  stre.ssors. 
lie  first  suggested  that  such  diminished  resistance  might  result  from  intra¬ 
uterine  physiological  derangements  but  later  proposed  that  inadecpiate 
maternal  lactation  probably  accounted  for  the  changes  in  the  progeny. 
Ilis  proposal  was  .supported  by  limited  experiments  with  voles  in  which 
he  was  able  to  demonstrate  diminished  growth  in  the  progeny  nur.sed  by 
previously  crowded  mothers  (18).  He  was  unable  to  demonstrate  any 
prenatal  effects.  Christian  (12)  .suggested  that  there  was  a  suppression  of 
lactation  in  house  mice  from  dense  populations  since  no  change  in  maternal 
behavior  was  ob.served  and  the  stomachs  of  nursing  young  were  devoid 
of  milk.  The  progeny  in  these  experiments  were  stunted,  weaned  early, 
and  most  were  unable  to  survive  the  immediate  postweaning  period. 
Furthermore  the  survival  rate  of  nursing  progeny  was  inversely  related 
to  the  logarithm  of  the  number  of  mice  in  the  population. 

Increased  population  density  produces  adrenocortical  hypertrophy,  de¬ 
creased  activity  of  the  reproductive  organs,  decrea.sed  reproductive  per¬ 
formance,  and  other  endocrine  changes  usually  a.ssociated  with  pituitary- 
adrenocortical  stimulation  (10,  11,  12,  23).  The  magnitude  of  these  changes 
is  related  to  the  logarithm  of  the  population  size  (12,  23).  It  was  logical 
to  .suppo.se  that  lactation  would  reflect  the  altered  endocrine  functions 
brought  about  by  increa.sed  population  density,  as  a  variety  of  stressfvd 
stimuli  may  diminish  lactation  (24). 

The  following  experiments  were  (lesigned  to  show  (a)  whether  crowding 
female  mice  results  in  a  subsecpient  lactational  deficiency,  and  if  so  (b) 
how  it  affects  .subseciuent  generations,  and  (c)  to  determine  at  what  de¬ 
velopmental  stages  reproductive  losses  may  occur  in  mice  as  a  result  of 
crowding. 


MKTHODS*  and  CKOCKOURK 

Effeds  of  previous  crowding  on  lactation 

A  standard  i)roc('durt‘  (diagrammed  in  Fig.  1)  was  used  for  all  exp(>rimental  j)opu- 
lations.  Twenty  male  and  20  virgin  female  albino  mice  of  the  NMRI  strain  were  taken 
at  maturity  (about  four  weeks  after  weaning)  and  placed  in  a  13' XI S' XT'  cage  for  six 
weeks.  Food  in  excess  of  usage  was  distributed  over  the  bottom  of  the  cages  and  water 
was  available  from  several  sources  to  avoid  competition  for  these  items.  This  pro- 

®  The  authors  are  indebted  to  Mr.  James  S.  Reid  and  Robert  Tenney,  HN,  for  tech¬ 
nical  assistance  and  to  Mr.  William  Cochran  for  .statistical  advice. 
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EXPERIMENTAL  PLAN  AND  RESULTS  AS  FOLLOWS: 
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Fig.  I.  Effects  of  maternal  erowdiiif;  on  lactation.  Seven  populations  of  20  pairs 
of  mice  each  crowded  for  six  weeks,  then  established  as  single  pairs.  Mean  weifiht  jx'r 
half  litter  used  as  the  unit  of  measurement. 


cedure  constituted  exjierimentally  crowding  the  mice.  Seven  such  ])oi)ulations  were 
used  (Table  1).  None  of  the  females  in  these  populations  aj)peared  grossly  i)reKnant  nor 
well'  any  littms  born  during  the  ])eriod  of  crowding.  In  no  po])ulation  difl  all  of  the  males 
survive  crowding.  Females  occasionally  succumbed  but  the  number  dying  was  much 
smaller  than  for  the  males.  It  has  been  shown  previously  that  d(‘aths  can  randy  he  at¬ 
tributed  to  fighting  per  se  (10-12),  and  in  any  event  fighting  es.s(*ntially  cea.s(*s  after  the 
first  day  or  two  of  crowding. 

Tin*  mice*  surviving  six  we(*ks  of  crowding  were  s(*gregat(“d  in  pairs,  and  each  pair  j)ut 
in  a  cage  of  its  own.  'I'liesc'  segregati'd  pairs  were  checked  daily  for  litters.  When  a  litt(>r 
was  born,  it  was  weighed  in  toto,  the  number  of  young  counted  and  each  one  marked  hy 
toe  clipping.  Half  of  this  litti  r  was  then  exchanged  with  half  of  one  of  the  same  .size, 
age,  and  parity  Ixdonging  to  a  mother  which  had  been  segregated  since  weaning  with 
her  mate,  '’  lu'refore  a  previously  crowded  female  nurscfl  half  of  her  own  and  half  of  a 
litter  born  by  an  isolated  mother,  ami  vice  versa.  The  |)ups  were  then  individually 
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TaBI.K  I.  Si  M.MAIlV  <IK  TIIK  srKVIVAl,  AM)  ri{(>l)ICTI\ ITV  oK  MK'K 
CKOWDKD  20  I’AIHS  TO  A  CAOK  KoU  (i  WKKKS 

Xote  tlial  tlu'  (lata  for  flin'c  ])opulatioiis  were  (■on)l)iiu>(|  for  (‘xpcriiiKMil  2.  'I'lic  variation 
in  the  numl)(>r  of  jiairs  surviving  crowding  is  doc  to  t.lic  difTcrcina's  between  popnlations  in 
the  numbers  of  males  which  surviv(‘d  the  0  weeks  of  crowding.  Se<‘  the  text  for  a  discussion 
of  this  variation  in  the  mortality  of  males.  Xote  also  the  general  agreement  betwc'en  the 
percentages  surviving  and  the  j)ercentages  of  the  surviving  pairs  which  had  litters. 


•No. 

... 

: 

Mean  pup  wt. 

W  t.  i.f 

No. 

pairs  ! 

%  pails 

No.  pairs 

No.  i 

pups 

vivinK  prs. 
having 
litters 

Kxpt. 

|>airs 

after 

survivinK 

having 

litters  ' 

litters 

liaised  by 

liaised  by 

crowded 

prowdt'd 

6  wks. 

(TowdinK 

litters 

weaned 

weaned 

crowded 

isolated 

as  of 

crowdinK 

mother 

mother 

isolated 

1 
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13 

6’t 

7 

•H 

5 

It 
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60  (3  X20) 

44 

7S 
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7.7il 
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,  oO 

7.30 

8.48 

SO 

4 

2(1 

8 

40 

5 

as 

4 

SO 

8.38 

8.82 

Uo 

5 

2(> 

17 

So 

16 

.  m 

16 

IfMf 

8.5!) 

0.04 

SO 

Totiil 
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88 

68 

.■Mi 

38.26 

44.27 
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(IH'I 

pi.p.) 

2(» 

12.6 

as 

(1.4 

TT 

8.0 

SO 

7.6,5 

8.85 

SO .  4 

1 

weiglied  weekly  for  three  weeks.  The  mean  weight  i)er  ])U|)  was  (h'tenniiu'd  eaeli  time 
for  th(‘  four  half-litters:  (1)  horn  and  nur.sed  by  erowah'd  females,  (2)  born  and  nursed 
by  isolated  females,  (3)  born  to  crowded  and  nursed  by  isolated  females,  and  (4)  born  to 
isolated  and  nur.sed  by  crowded  females  (see  Fig.  1).  The  mean  weight  i)er  infant  jn'r 
half-litt(‘r  wa.s  the  unit  of  measurement,  but  the  5(5  degrees  of  fri'edom  available  for 
statistical  analyses  were  determined  by  the  number  of  matched  whole  litters.  The  effect 
of  crowding  the  mothers  on  the  weights  of  the  infants  at  birth  was  determimsl  for  51 
of  the  5(5  i)airs  of  litters. 

Effects  of  crowding  on  lactation  in  the  second  generation 

Progeny  nursed  by  erow(h*d  females  were  si'gregated  in  i)airs  at  weaning  and  tlu' 
(uitire  procedure  repeated  for  another  generation,  except  that  none  was  ever  crowded  to 
determine  the  effects  on  the  F2  generation.  The  litters  of  the  progeny  were  pair-matched 
with  littcus  of  isolated  females  and  half-litters  switeh<*d  between  the  two  motluus,  oiu' 
(‘xpc'iimental  and  one  control.  The  jiroeedure  is  outlined  in  Figure  1,  but  it  was  eari  ic'd 
to  the  Fj  generation  for  only  the  first  four  po])ulations  and,  with  inevitable  losses  in  the 
progre.ss  of  the  experiment,  only  .30  matched  pairs  of  littcus  from  the  Fa  gemeration  wau'c 
available  for  measurement. 

Effects.of  crowding  on  reproduction 

\  i)rogr(“ssive  loss  of  productivity  with  each  stage  of  the  reproductive  jn'oeess  was 
sugge.sted  by  the  data  in  Table  1.  There  appeared  to  be  a  relationship  between  the  num- 
her  of  j)airs  surviving  crowding  and  the  number  having  litters.  'I'he  failure  of  the  hunah's 
to  reproduce  during  crowding  did  not  appear  to  be  due  to  inadequate  male  fertility,  as 
twenty-four  of  the  fifty  litters  from  the  first  four  experiments  were  born  between  thr(‘e 
and  four  weeks  following  removal  from  the  crowded  conditions  (Table  2).  This  indieati's 


TaBI.K  2.  DlSTRlBl'TIO.V  OK  LITTERS  BORX  KOLLOWIXC.  CROWm.VO  FOR  THE 
FIRST  FOCR  EXCERIMENTS  WITH  RESPECT  TO  THE  NUMBER  OF  DAYS 
AFTER  REMOVAL  FROM  CROW  DEI)  CONDITIONS 


Days  after  removal  from  crowded  cages 


21 

22  1 

23 

•24 

25 

2(5 

27 

28  '•2»-35|3()  42 

43-49' 50- (57 

X umber  of 
litters  born 

:  1 

1 

8 

I 

1  Jj 

2  ,11  2 

7  1  5 
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that  the  males  had  mature  sperm  and  were  eapable  of  fertilizing  the  females  during  the 
first  estrus  following  erowding.  Furthermore,  these  males  were  distributed  so  that  each 
erowded  population  contained  at  least  one  of  them.  These  results,  coupled  with  an  al)- 
sence  of  grossly  apparent  pregnancies  during  crowding,  raised  the  question  of  whetlu'r 
decreased  fertility,  increased  intra-uterine  mortality  or  both  were  responsible  for  the 
reproductive  failure.  If  the  females  became  pregnant  during  erowding,  but  lost  their 
young  in  ulero,  deficient  male  fertility  is  automatically  ruled  out  as  a  contributing  cause. 
'I'he  following  experiment  was  designed  to  explore  the  above  questions. 

Forty  mice,  20  littermate  pairs  of  the  same  age,  were  individually  caged  at  weaning. 
Six  weeks  later,  each  of  10  i)airs  was  segregated,  om*  pair  to  a  cage.  'I'ln*  remaining  mice 
were  put  in  a  single  cage,  which  constituted  experimental  crowding.  Litti'imate  pairs 
were  divided  equally  between  the  crowded  and  segregated  groups.  The  mice  wi're 
checked  daily  for  litters  or  for  grossly  apparent  pregnancy  in  the  case*  of  tlu*  crowded 
femah's.  When  a  erowded  female  appeared  grossly  pregnant,  it  was  removed  and  placed 
in  a  cage  of  its  own.  The  others  remained  in  the  crowded  group.  .\11  of  the  mice  were 
sacrificed  six  weeks  after  the  beginning  of  crowding.  The  reprcxluctive  tracts  of  the  fe¬ 
males  were  examined  for  embryos  and  im))lantation  sears. 

RESULTS 

Infant  weights  at  weaning,  Fi  generation 

The  effects  of  crowding  female  mice  on  the  mean  weights  of  their  progeny 
at  birth  and  at  weaning  are  summarized  in  Table  3.  Mice  nurtured  by 
crowded  females  weighed  14.7%  le.ss  at  weaning  than  those  nur.sed  l)y 
females  which  had  remained  in  segregated  pairs  (P  <0.001).  Pups  born 
to  crowded  mothers  tended  to  weigh  more  at  weaning  than  those  born  to 
isolated  mothers,  irre.spective  of  which  female  nursed  them,  but  the  differ¬ 
ence  was  not  significant  (P<0.10).  The  mean  weights  of  pups  raised  by 
their  own  mothers  did  not  differ  from  those  of  pups  raised  by  foster 
motliers  (P  <0.90).  There  was  no  significant  difference  (P  <0.40)  in  mean 
weights  of  pups  at  birth  between  those  born  to  crowded  and  those  born 
to  i.solated  females. 

Table  3.  Comcarisoxs  <ik  the  weights  of  yov.ng  mice  i.\  the 

Fi  GEXERATIO.V  ACCORUI.NG  TO  THEIR  BIRTH  OR  .VI  RTl  RING 

Comparisons  were  made  using  the  mean  infant  weight  for  each  whole  litter.  See  Figure  1 
and  text  for  the  method  of  obtaining  the  whole  litter  values. 


No.  of  litters 

Mean  pup  weight  ±S.K. 
at  weaning  in  grams 

1‘  diff. 

Nursed  bv  <-row<led  female 

5() 

7.84  +0.22 

Nursed  by  isolated  female 

5() 

!>.()!»  ±0.20 

<0.001 

Horn  to  crowded  female 

50 

8.8010. 18 

Born  to  i.solated  female 

50 

8.3110.11) 

<0.10 

Nursed  bv  own  mother 

50 

8.55+0.1!)  i 

Nursed  by  foster  mother 

50 

8.5!)±0.0!» 

j-  <().!)() 

at  birth 

Horn  to  crowded  mothers 

51 

1  .74  +0.04!) 

Born  to  isolated  mothers 

51 

1 .7810.055 

,  <0.40 
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Weights  at  weaning  vs.  litter  size,  Fi  generation 

Since  the  above  compari.sons  disregarded  litter  size,  it  is  worth  examin¬ 
ing  the  differences  in  weight  at  weaning  with  respect  to  litter  size  between 
the  mean  weights  of  pups  raised  by  isolated  and  those  raised  by  crowded 
females.  These  data  are  summarized  in  Table  4.  The  data  for  litters  of  2, 
3  and  4  young  were  combined  because  of  the  limited  number  of  litters  of 
these  sizes.  The  number  of  litters  of  a  given  size  raised  by  isolated  females 
is  not  always  equal  to  the  number  raised  by  crowded  females,  even  though 
the  litters  were  matched  for  .size  at  birth  (Table  4).  These  inequalities  re¬ 
sulted  from  occa.sional  differences  in  the  survival  of  pups  between  a  litter 
rai.sed  by  isolated  and  one  raised  bV  the  crowded  female  of  a  matched  pair. 
The  mean  weights  of  the  pups  decreased  with  increasing  litter  size  regard¬ 
less  of  whether  they  were  raised  by  crowded  or  by  isolated  females  (Table 
4,  Fig.  2). 

The  mean  weights  of  pups  raised  by  crowded  mothers  were  less  than 
for  their  controls  raised  by  isolated  mothers  for  litter  sizes  of  o  or  under, 
but  the  differences  were  small  and  not  significant.  However,  in  litters  of  0 
or  more  (except  for  litters  of  9,  which  may  be  due  to  inadequate  numbers 
for  the  degree  of  difference  observed),  the  pups  raised  by  crowded  mice 
were  .significantly  lighter  at  weaning  than  tho.se  rai.sed  by  isolated  mice. 
The  mean  weight  of  pups  from  litters  of  (>  or  more  raised  by  crowded 
females  was  S3%  of  the  mean  weight  of  pups  from  litters  of  the  same  sizes 

Table  4.  Meax  weights  ok  moi  se  I’CKS  of  the  Fi  gexeratiox  raised  by  isolated 

OR  BY  CROWDED  MOTHERS  A.ND  GROI’I’ED  ACCORDING  TO  LITTER  SIZE 

Each  given  mean  value  and  its  standard  error  were  calculated  from  the  mean  jiup  weights 
for  the  individual  litters.  P  values  were  calculated  using  Student’s  t  test  with  the  numbers  of 
whole  litters  determining  the  number  of  degrees  of  freedom.  I’neiiual  numbers  of  litters  for 
litter  sizes  of  5,  (i,  7  and  8  were  brought  about  by  a  differential  mortality  of  the  young  be¬ 
tween  those  raised  by  isolated  or  by  crowded  mothers,  as  all  litters  were  paired  for  size  and 
age  at  birth. 


Litter  size 
at  weaning  | 

Nursed  by 
female 

No. 

litters 

M(‘an  weight  ±S.E.  ; 
ill  grams 

1*  (tiff. 

2,  3,  4  1 

crowded 

() 

0.80+0.74 

x.s. 

isolated 

(> 

10.73  ±0.30 

5 

crowded 

1 1 

8.75+0.37 

isolated 

12 

0.37  ±0.44 

(> 

crowded 

isolated 

10 

17 

7.73  ±0.30 

0 .  .5.5  ±  0 . 25 

<0.0001 

“ 

crowded 

isolated 

5 

4 

7.12+0.30 

8.77  ±0.33 

t 

<0.02 

8 

crowded 

7 

1  0 . 28  +  0 .  .5.5 

<0.02 

isolated 

0 

1  7.03  ±0.31 

It 

crowded 

5 

7.00+0.41) 

isolated 

o 

8.73  ±0.80 

10 

crowded 

3 

5.80+0.44 

<0.00 

isolated 

1 

0.02  ±0.22 

Mean  weight  of  mice  at  weaning,  gm. 
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Litter  Size 

4  5  6  7  8  9  10 


KiCi.  2.  Mean  \vi‘if!;lits  of  jjioKC'ny  ruis(‘(l  l)y  crowded  aiul  l)y  isolated  mothers  j)lotted 
afjaiiist  litt(‘r  size  (Fi  ^(“neration)  and  for  j)ros<“iiy  of  mice  raised  l)y  erow<led  mothers 
(I'j  K<“'«'iiitioii).  .\fean  values  derived  from  the  mean  weights  for  each  litter. 

raised  by  isolated  females,  whereas  in  litters  of  o  or  less  the  mean  weiRlits 
of.  young;  raised  by  crowded  females  was  95%  of  that  of  young;  raised  by 
isolated  females.  Regiressions  were  fitted  to  the  weights  of  infants  on 
litter  size.  The  slopes  of  regre.ssions  of  the  weight  of  the  pups  on  litter  size 
was  — 0.49S  for  those  raised  by  crowded  mice  and  —0.419  for  those  nursed 
by  isolated  mice,  showing  a  more  rapid  deerea.se  in  weight  with  increasing 
litter  size  for  pups  nursed  by  crowded  females  than  in  their  controls. 

WvightH  (it  uraniny,  geniration,  and  variations  with  litter  size 

Pups  raised  by  females  which  in  turn  had  been  raised  by  crowded  females 
weighed  S%  le.ss  than  their  controls  raised  by  isolated  females  (P  <().()()). 
The  ditferenee  between  the  means  was  of  ciuestionable  significance,  but 
when  the  differences  are  examined  with  respect  to  litter  size  (Table  5, 
Kig.  2),  it  is  clear  that  pups  nur.sed  by  females  which  had  been  nursed  by 
crowded  mice  weighed  less  than  their  controls  for  litters  of  S  (P  <0.0o). 
and  9  and  10  combined  (P<0.05).  The  weights  of  wean  ing  mice  from 
litters  of  o,  0  and  7  did  not  differ  significantly  with  respect  to  which 
mouse  nurtured  them,  although  the  mean  weights  of  progeny  nursed  by 
mice  which  were  in  turn  nurtured  by  crowded  females  were  less  than  those 
of  their  controls  in  every  instance.  If  the  data  for  litters  of  8,  9  and  10  are 
combined,  the  mean  weight  of  pups  nursed  by  females  which  in  turn  were 
nursed  by  crowded  females  was  17.8%  less  than  their  controls  (P  <0.00o). 
There  were  no  significant  differences  in  the  weights  of  progeny  in  the  Fj 
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TaBI.K  5.  MkAN  WKICIITS  OK  MOISK  I’ll’S  OK  THE  F->  OEN  EllATION 
r.KOl'KEI)  ACCORDIXC  TO  LITTER  SIZE 

'I'Ih*  f«‘inalcs  hcarini;  and  raising  tlu'sc  progi'iiy  wimh*  raised  eitlier  liy  crowded  orisolatetl 
inotliers.  Sei-  text  and  leneinl  for  Talile  5  for  details. 


Filter  size 
;it  weanint; 

Xtirsed  1)}’  iuoIIht  ^ 
whieli  ill  turn  had 
liei'ii  nursed  hy 
females 

Xo.  of 
litters 

1 

■Mean  pup  wt.  ±S.1'7 
in  ((rains 

1’  dilT. 

1 

crowded  1 

isolated  j 

2 

11.11  ±l).2C. 

5 

crowded  , 

2 

D.tiT  +0.57 

<0.  10 

isolated  ' 

2 

10.:t()  ±0.11 

I) 

crowded  I 

11 

8.21)  +0.():t 

<0.20 

isolated 

It) 

D.Ol)  ±0.27 

1 

erowiled 

2 

8.00+  1  .70 

<0.1)0 

isolated 

2 

7.80  ±0.10 

8 

ero  wiled 

8 

1). 00+0.21 

<0.05 

isolated 

8 

7.80  ±0.45 

•)  1(1 

crowded 

7 

5.80+0.21 

<0.05 

isolated 

8 

7.44  ±0.00 

8,  tl.  10 

crowded 

isolated 

15 

Iti 

0.20+0.22 

7.02  ±0.28 

<0.005 

jieiieration  with  respect  to  the  true  parentage  of  mice  in  the  Fi  generation. 
Therefore,  the  important  factor  in  determining  the  difTerences  in  weights 
of  progeny  at  weaning  in  the  F2  generation  was  whether  or  not  tlie  mouse 
nurturing  them  had  Iteen  nursed  l)y  a  crowded  female. 

The  effects  on  the  weights  of  the  young  are  le.ss  marked  in  the  F2  than 
in  the  Fi  generation.  The  differences  in  mean  weight  between  the  experi¬ 
mental  and  control  pups  were  significant  oidy  for  litters  of  S,  ff  and  10 
in  the  F2  generation  whereas  litters  of  fi  or  more  weighed  significantly  le.ss 
than  their  controls  in  the  Fi  generation. 

TheMitters  measured  may  represent  bias  towards  minimizing  the  etYects 
of  crowding  as  it  is  conceivable  that  the.se  were  produced  by  the  females 
least  affected  by  crowding. 

Effectii  of  crowding  on  rcproduclion 

The  results  of  crowding  10  male  and  10  female  mice  in  a  single  cage  on 
reproductive  performance,  measured  by  live  births,  embryos,  and  uterine 
implantation  scars,  are  .summarized  in  Table  fi.  The  presence  of  implanta¬ 
tion  .scars  showed  that  every  female  became  pregnant,  but  that  oidy  ’.i  of 
the  crowdecl  females  bore  litters  during  the  period  of  crowding  or  later. 
Therefore  there  was  a  marked  intra-uterine  mortality  of  implanted  em¬ 
bryos.  The  fact  that  every  female  mouse  became  pregnant,  even  though 
she  may  have  failed  to  carry  the  pregnancy  to  term,  shows  that  the  effect 
was  not  primarily  on  the  fertility  of  the  males.  The  intra-uterine  loss 
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Table  6.  Si  mmary  kk  data  ox  PRoDrcxiviTV  of  mice  crowded  10  pairs 

TO  A  CAOE  COMPARED  TO  THEIR  10  CONTROL  PAIRS 

Note  that  all  of  the  females  became  pregnant  but  that  the  crowded  females  exhibited  a 
marked  intra-uterine  loss  of  young,  reduction  of  implantation  sites,  reduction  of  litter  size, 
and  significant  delay  until  the  birth  of  hrst  titters  compared  to  the  controls.  Crowding  pro¬ 
duced  a  75%  loss  in  the  number  of  young  born. 


No.  of 
pairs 

No. 

litter.** 

liorn 

Mean 
No.  day.o 
to  litter 
birth 

Mean  No. 
progeny  per 
litter  ±S.E. 

No.  females 
with 

plaeental 

sears 

Mean  No. 
sears  per 
female 

Crowdi'd  fomiiles 
Doliited  fpm.'ile.s 

10 

10 

5 

10 

40  ±1  .0 
26  ±1  .5 

7.67±0.:« 
0.00  ±0.75 

10 

10 

6.00  +  1  .:I7 

1 1  .00  ±0.47 

apparently  occurred  during  the  first  half  of  gestation  as  none  of  the  7 
without  litters,  but  with  implantation  scars,  ever  appeared  grossly  preg¬ 
nant.  Apparently  there  also  was  some  preimplantation  loss  in  the  crowded 
females  as  the  mean  number  of  implantation  scars  was  significantly  reduced 
from  the  control  values  obtained  from  the  isolated  littermate  controls. 
It  is  not  known  whether  the  preimplantation  lo.ss  was  due  to  a  failure  of 
some  of  the  fertilized  ova  to  implant  properly  or  to  a  reduced  number  of 
fertilized  ova.  A  decrease  in  the  fertility  of  the  females  is  suggested  by  the 
14  days  greater  mean  time  lapsing  between  exposure  to  males  and  the 
birth  of  the  three  litters  of  crowded  mice  compared  to  their  isolated  con¬ 
trols.  These  results  suggest  that  crowding  produced  a  serious  loss  of  young 
due  to  intra-uterine  mortality  and  probably  to  some  decrease  in  fertility 
in  female  mice.  These  results  probably  explain  the  reason  for  the  dimin¬ 
ished  productivity  of  crowded  females  in  the  preceding  lactation  experi¬ 
ments. 


DISCUSSION 

The  above  experiments  demon.strate  the  adver.'^e  effect  of  crowding  on 
lactation  and  reproduction  in  female  albino  mice,  confirming  and  extending 
Chitty’s  observations  on  voles  (18).  Progeny  raised  by  crowded  females 
were  adversely  affected  as  were  their  progeny  in  turn. 

It  might  be  thought  that  crowding  interfered  with  adequate  nutrition 
of  the  females  and  that  a  re.sulting  nutritional  deficiency  was  responsible 
for  the  effects  on  the  progeny.  Several  facts  argue  against  such  a  suggestion. 
First,  it  has  been  shown  that  crowding  has  little  if  any  effect  on  the  body 
weight  of  adult  albino  mice  (10,  11).  Second,  food  in  the  form  of  pellets 
was  generously  spread  all  over  the  floor  of  the  cage,  so  that  any  mouse  was 
almost  always  in  contact  with  food.  There  was  therefore  no  competition 
for  food  or  space  at  a  feeding  site.  Daily  observation  further  indicated 
that  there  was  no  interference  with  feeding  or  competition  for  food.  Third, 
lactation  began  not  less  than  three  weeks  after  the  mice  were  removed 
from  the  crowded  cage  (Table  2) ;  so  that  there  were  three  or  more  weeks 
of  living  in  segregation  with  abundant  food  before  lactation  began.  Finally, 
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tlie  young  of  crowded  mothers  tended  to  weigh  more  at  birth  than  those  of 
isolated  mothers  and  grew  normally  when  nursed  by  isolated  mothers.  It 
therefore  does  not  seem  likely  that  the  effects  on  the  lactation  of  the 
crowded  mothers,  and  hence  on  their  offspring,  can  be  attributed  to  in- 
ulequate  nutrition. 

Crowding  apparently  has  no  effect  on  the  growth  of  young  in  utero, 
as  there  were  no  significant  differences  in  weight  at  birth  between  the 
voung  of  crowded  and  those  of  isolated  mothers.  Clenetic  effects  are  ap¬ 
parently  ruled  out  by  the  fact  that  mice  born  to  crowded  and  raised  by 
isolated  females  actually  tended  to  be  heavier  than  those  born  to  and 
raised  by  isolated  mothers,  and  tfiat  mice  born  to  isolated  and  raised  by 
crowded  females  were  smaller.  Whether  or  not  the  young  were  raised  by 
their  own  or  a  foster  mother  made  no  difference  in  their  weights.  Therefore 
the  deleterious  effects  of  crowding  on  the  two  succeeding  generations  of 
progeny  must  be  attributed  to  inadequate  lactation  on  the  part  of  the 
originally  crowded  female  and  not  to  intra-uterine  or  genetic  factors. 

A  difference  in  maternal  behavior  between  previously  crowded  and 
isolated  females  was  not  detected  in  the  course  of  daily  observations. 
However,  no  detailed  measurements  were  made  to  substantiate  or  disprove 
the  impressions  gained  by  the  routine  observations  of  maternal  behavior. 
Brown  (b)  and  8outhwick  (9)  reported  that  interference  with  nursing  and 
nest  construction  by  other  mice  in  the  population  was  responsible  for  the 
deficient  maternal  behavior  in  their  experiments.  Interference  by  other 
mice  was  excluded  from  our  experiments  during  the  period  of  lactation  by 
maintaining  the  mice  as  segregated  pairs  after  crowding. 

The  only  remaining  alternatives  to  explain  the  decreased  weight  of 
young  raised  by  crowded  mice  are  quantitative  and  qualitative  deficiences 
in  the  milk.  The  present  experiments  were  not  designed  to  distinguish 
between  the.^^e  two  alternatives.  One  or  both  may  have  been  operative,  but 
a  (juantitative  deficiency  seems  more  likely,  as  in  earlier  experiments  the 
stomachs  of  the  young  mice  contained  little  or  no  milk  when  sacrificed  (12). 

Why  females  raised  by  previously  crowded  mice  should  in  turn  rai.se 
progeny  smaller  at  weaning  than  their  controls  can  only  be  conjectured. 

I  A  specific  factor  in  the  milk  is  unlikely,  and  genetic  factors  have  been  ruled 

I  out.  An  explanation  for  the  diminished  .size  of  the  young  mice  in  the  Fj 

f  generation  could  be  that  the  effect  of  inanition  resulting  from  deficient 

t  lactation  affects  the  progeny  of  the  first  generation  in  such  a  manner  that 

L  they,  in  turn,  do  not  lactate  adequately, 

r  It  has  been  noted  that  in  every  crowded  population  the  number  of  mice 

*  at  the  end  of  six  weeks  of  crowding  was  less  than  the  original  number, 

\  due  mainly  to  the  death  of  males,  as  fewer  females  than  males  died  (Table 

I  1).  The  number  of  male  deaths  varied  from  3  to  14  per  population,  as 

shown  by  the  number  of  pairs  aliv'e  after  crowding.  The  number  of  deaths 
I  is  in  a  real  sense  a  measure  of  the  degree  of  social  strife  within  a  given 
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population,  and  the  amount  of  strife  is  not  neeessarily  a  function  of  the 
absolute  number  of  mice  in  a  population.  The  aggressiveness  of  particular 
individuals  as  well  as  the  degrees  of  difference  in  dominance  and  sub¬ 
ordinance  between  the  various  members  of  the  population  are  major 
factors  in  determining  the  amount  of  intraspecific  strife  in  a  given  popula¬ 
tion.  The  bases  for  the.se  .statements  will  not  be  discussed  here,  as  they 
have  been  covered  in  greater  detail  elsewhere  (8,  S,  9,  12,  18,  20,  28,  2o). 
It  should  be  mentioned,  however,  that  we  have  observed  that  the  degree  of 
stress  engendered  in  a  given  population  coincides  with  the  amount  of  .social 
strife  better  than  with  the  actual  number  of  animals  (28).  While  no  meas¬ 
urements  of  aggre.ssive  behavior  or  strife  were  made  in  the  present  experi¬ 
ments,  it  was  noted  that  the  amount  of  fighting  observed  corresponded  to 
the  degree  of  mortality,  and  the.se  observations  were  consistent  with  tho.se 
made  on  all  of  our  experimental  populations  to  date.  It  should  be  em¬ 
phasized  that  fighting  is  rarely  a  direct  cau.se  of  death  (10,  11,  12,  28). 

There  was  a  direct  correspondence  between  the  number  of  pairs  which 
survived  crowding  and  the  number  of  these  which  bore  litters  (Table  1). 
l^vidently  the  amount  of  strife  resulting  in  a  given  mortality  rate  affected 
reproduction  in  the  surviving  pairs  to  a  comparable  degree.  The  litters 
available  for  mea.surement  were  produced  by  less  than  half  (68  140)  of 
the  crowded  females,  and  not  all  of  the.se  litters  .survived  until  weaning. 
It  is  suggested  that  tho.se  females  which  produced  young  were  physiologi- 
(*ally  le.ss  affected  by  crowding  and  therefore  the  least  .stre.s.sed.  This  sug¬ 
gestion  is  further  supported  by  earlier  experiments  in  which  the  dominant 
females  in  a  group  of  mice  have  been  reported  to  be  better  producers  than 
their  .subordinate  sisters  (2,  8).  Corre.sponding  to  the.se  findings  we  have 
noted  that  adrenal  weight,  used  as  an  index  of  stress,  is  least  in  dominant 
and  greatest  in  subordinate  mice  (25).  The  pre.sent  experiments  offer  some 
evidence  that  females  having  the  largest  litters  were  le.ss  affected  by  crowd¬ 
ing  than  others.  The  differences  between  the  mean  weights  of  pups  rai.sed 
by  crowded  and  tho.se  rai.sed  by  isolated  mothers  were  not  proportionately 
as  great  for  litters  of  9  and  10  as  they  were  for  litters  of  6,  7  and  8  in  the  F| 
generation  (Table  4).  These  data  suggest  that  females  capable  of  producing 
large  litters  were  also  more  capable  of  adequately  nurturing  their  young 
than  females  bearing  somewhat  smaller  litters.  The  re.sults  from  the  ex¬ 
periment  with  ten  pairs  of  crowded  mice  show  that  reproductive  failure 
in  females  surviving  crowding  is  due  primarily  to  intra-uterine  mortality 
and  .secomlarily  to  diminished  fertility.  All  of  the  mice  in  this  experiment 
became  pregnant  during  the  period  of  crowding,  but  only  8  gave  birth  to 
litters,  and  the  mean  .size  for  these  8  litters  was  significantly  le.ss  than  for 
their  controls.  The  onset  of  the  first  pregnancy  also  was  considerably  de¬ 
layed  compared  to  the  control  mice. 

The.se  experiments  indicate  that  crowding  can  decrea.se  productivity  in 
female  house  mice  by  decreasing  fertility,  increasing  intra-uterine  mortal- 
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ity,  and  causing  deficient  lactation  whicli  results  in  diminished  growth 
of  the  young.  The  young  are  themselves  affected  so  that  they  in  turn  have 
smaller  progeny,  apparently  as  a  result  of  deficient  lactation.  Data  from 
populations  of  house  mice  in  the  laboratory  (12)  indicate  that  adversely 
affected  progeny  are  less  able  to  survive  and  reach  maturity.  Therefore 
crowding,  or  high  population  den.sity,  affects  productivity  immediately 
l)y  decreasing  fertility  and  increasing  prenatal  mortality,  and  at  long 
range  by  depressing  lactation  with  subsequent  detrimental  effects  on  the 
survival  and  productivity  of  progeny.  It  is  likely  that  the  severity  of  the 
effects  is  related  to  the  degree  of  social  strife  and  less  closely  to  the  actual 
number  of  animals  interacting  wifli  one  another  (23).  The  experimental 
evidence  indicates  that  recovery  of  reproductive  competence  from  the 
effects  of  a  period  of  high  population  density  would  necessarily  be  slow, 
possibly  lasting  several  generations. 
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ABSTRACT 

The  micro  or  local  method  of  lactogenic  hormone  assay  has  been  examined 
using  15  common  j)igeons  for  each  assay.  The  hormone  was  injected  ov(‘r  the 
.symmetrically  opjrosite  side  of  the  crop-sac  in  some  of  the  assays  in  older  to 
compare  responses  resulting  from  two  hormone  concentrations.  In  4  assays, 
only  one  side  was  injected. 

The  degree  of  proliferation  of  the  crop-sac  following  injection  of  various 
levels  of  lactogenic  hormone  resulted  in  the  establishment  of  a  regression  line, 
with  a  standard  deviation  of  .0956,  between  log-dose  i)er  pigeon  (X)  and 
diameter  (cm.)  of  proliferation  obtained  (Y)  over  a  31-fold  dose  range  (.00072- 
.0224  mg.  lactogenic  hormone /bird).  An  index  of  precision  (X)  of  .11  was  ob¬ 
tained.  Respon.ses  resulting  from  injecting  doses  exceeding  .0224  mg.  bird  or 
lower  than  .00072  mg.  bird  were  difficult  to  measure. 

The  (li.scoverv  by  Riddle  and  his  co-workers  (1-3)  that  the  secretion  of 
crop  milk  by  pigeons  and  doves  was  under  the  control  of  a  pituitary 
factor,  later  shown  to  be  the  lactogenic  hormone,  provided  the  basis  for 
sensitive  assay  methods  for  the  lactogenic  hormone.  One  of  the  first  was 
based  upon  crop  weight  (2,  4)  where  it  was  claimed  a  linear  relationship 
existed  between  crop  weight  and  log  of  do.se.  Later,  methods  were  devised 
based  upon  the  dose  of  lactogenic  hormone  injected  subcutaneously  or 
intramuscularly  which  would  cause  a  minimal  proliferative  response  in 
Silver  King  .squabs  (5)  and  in  common  pigeons  (6).  A  local  or  “micro” 
method  was  introduced  by  Lyons  and  Page  (7)  and  was  improved  upon 
by  other  investigators  (8,  9).  The  “micro”  method  was  found  to  be  much 
more  sensitive  than  other  methods  (10)  and  depended  upon  the  degree 
of  respon.se  obtained  immediately  beneath  intradermally-placed  injection 
sites.  Reece  and  Turner  (8)  .suggested  that  the  response  was  directly  re¬ 
lated  to  do.sage  up  to  an  arbitrary  rating  of  4,  which  was  an  area  of  pro¬ 
liferation  4  cm.  in  diameter.  This  latter  method,  as  generally  employed, 
is  rather  .subjective  since  it  depends  upon  individual  interpretation  of  the 
degree  of  proliferation.  U.sually  2  or  more  individuals  “rate”  the  re.sponses 
in  which  case  .subjective  error  is  somewhat  diminished.  Recently,  a  more 
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objective  criterion  for  estimation  of  the  degree  of  stimulation  in  the  local 
method  of  lactogenic  hormone  assay  has  been  sought  (11)  by  the  com¬ 
parison  of  the  responses  in  the  two  crop-sacs  of  the  same  pigeon.  It  was 
concluded  that  potency  of  an  unknown  preparation  could  be  estimated  by 
injecting  the  unknown  over  one  crop-sac  and  a  standard  over  the  other 
crop-sac  in  the  same  pigeon,  re.sulting  in  an  error  of  less  than  80%. 

In  the  present  study  we  have  re-examined  the  Heece-Turnei-  micro- 
.nethod  of  assay  using  a  more  objective  method  of  determining  prolifera¬ 
tive  respon.ses  and  have  e.stablished  the  usable  range  of  the  as.say.  Further, 
we  have  found  the  response  related  to  the  log-dose  and  have  demonstrated 
that  systemic  carryover  of  hormone  from  one  crop-sac  to  the  other  does 
not  occur  in  this  range.  Thus,  the  e.stimation  of  the  comparative  potency 
of  two  unknown  preparations  in  the  same  pigeon  is  possible. 

MATERIALS  AND  METHODS 

Om*  hundred  and  fifty  adult  common  pigeons  of  both  sexes  weighing  240-3()0  gm. 
were  obtained  and  housed  under  uniform  temi)erature  conditions  (78-S0°  F)  in  a  room 
artificially  illuminated  during  the  normal  daylight  hours.  'I'hey  were  fed  Purina  pigeon 
chow  and  water  ad  libilu))i. 

Assay  Procedure. — Fifteen  pigeons  were  used  for  each  assay.  Lactogenic  hormone® 
assaying  20  i.u./mg.  was  dissolved  in  pyrogen-free  distilled  water,  then  diluted  to  de¬ 
sired  concentration.  Fresh  solutions  were  ])repared  for  each  assay.  Two  solutions  to  lx* 
tested  were  injected  intradermally  in  0.1  nd.  volume  daily  for  4  days  over  tin*  symmetri¬ 
cally  opposite  sides  of  the  crop-sac  of  each  of  15  pigeons  in  all  but  4  assays.  In  these, 
only  one  side  was  injected.  The  injection  areas,  which  were  located  over  the  geometrical 
center  of  the  crop-sacs,  were  jrreviously  marked  with  a  non-toxic  dye  to  insure  injecting 
in  the  same  area  each  day.  Twenty-four  hours  after  the  last  injeetion  eaeh  pigeon  was 
killed,  the  entire  crop  removed  and  cut  in  halves.  Each  half  then  was  stretched  fully 
by  two  persons  over  a  light  source  while  a  third  ])erson  matched  the  area  of  response  as 
closely  as  possible  with  one  of  8  jrlastic  gauges  which  ranged  in  diameter  from  0.50  to 
4.00  cm.  Each  gauge  consisted  of  a  thin  circle  of  clear  plastic  connected  to  a  handle.  By 
this  method  the  proliferative  response  could  easily  be  seen  and  accurately  measured,  for 
in  the  vast  majority  of  crop-sacs,  circular  i)roliferative  responses  were  obtaiiu'd. 

Standard  deviation  of  Y  (mean  diametric  response  at  dose  X)  was  determined  by  the 
formula 

,  /2Y*  -  a2V  -  b£XY 

S5  =  /  --(,2). 

Results.  The  degree  of  proliferation  of  the  pigeon  orop-.sae  following 
the  injeetion  of  various  levels  of  lactogenic  hormone  results  in  the  es¬ 
tablishment  of  a  regression  line  with  a  standard  deviation  of  .0950  between 
log  do.se  used  per  bird  (X)  and  diameter  of  proliferation  obtained  (Y) 
over  a  81-fold  dose  range  of  lactogen  (.00072-.02240  mg.  bird)  (Figure  1). 
An  index  of  precision  (X)  of  .11  was  obtained.  From  the  data  in  Table  1 
it  can  be  seen  that  the  average  diametric  response  resulting  from  any  dose 
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Kig.  1.  l*in(‘oii  (•i<)i)-sa(*  ivsponsc  to  hictoK»‘ni(‘  liormoiu*  (1  ni}>;.=2()  i.u.)  I)y  local 
or  “micro”  method  of  assay  usiiin  tlic  common  pifreon  as  the  assay  animal.  Standard 
deviation  of  V  =  .()9o<)  cm. 

level  eorrespoiids  very  well  with  the  median  response.  Further,  a  normal 
fretpieney  distrihution  of  values,  aeeompanied  by  a  rather  uniform  stand¬ 
ard  error,  is  obtained  for  eaeh  assay  within  the  regression  line.  Responses 
obtained  with  do.ses  exeeeding  .0224  mg.  bird  were  difficult  to  mea.sure 
accurately  since  in  most  instances  the  entire  crop-sac  had  undergone  pro¬ 
liferation  and,  with  the  greater  dose  used  (.0448  mg.  bird),  a  general  thick- 


TaBI.K  1.  I).AT.\  <'oMI>.\RI\Ci  KEsCdNSES  IN  THE  TWO  CKOP-S.ACS  OK  THE  S.A.ME  CIOEON 
I'SI.NO  VARlOfS  DOSE.S  OK  I.AI'TOOEXIC  HORMONE  (1  MG.  =20  I.G.) 

Fifteen  pigeons  used  per  assay 


Lactogen 

assay 

Total  lactogenic 
hormone  injected 
per  bird  over 
one  crop-.sac 
(ing.) 

.Vverage 

diametric 

respon.se 

(cm.) 

Median 

diametric 

response 

(cm.) 

.\verage 

pigeon 

weight 

(k> 

Total  lactogenic 
hormone  injected 
per  hird  over 
opposite  crop-sac 
(nig.) 

Ratio  of 
dosage  in 
.same  hird 

1 

.00028 

.  00  +.12 

.50 

820 . 2 

_ 

2 

.(H)072 

1  .02+  .08 

1 .00 

810.5 

.08800 

47x 

a 

.00140 

2. 18  ±.15 

2 . 20 

800 . 7 

— 

— 

I 

.00280 

2.44  +  .  12 

2.00 

820 . 2 

.08800 

12x 

.00500 

2.42+  .12 

2 . 40 

811.0 

.01120 

2x 

*> 

.00500 

2.02+  .18 

2.80 

814.2 

.01080 

8x 

7 

.00500 

2.54 ±  .15 

2.50 

804 . 1 

.02240 

4x 

8 

.01120 

2.88+  .00 

2.70 

811.0 

.00500 

2x 

0 

.01080 

8.00  ± . 10 

8.00 

814.2 

.00500 

8x 

10 

.01080 

8.10+  .00 

8.00 

825.2 

.02240 

Ux 

1 1 

.0240 

8.18±  .1  1 

8.80 

804 . 1 

.(M)500 

4x 

12 

.0240 

8.20+  .10 

8 . 40 

825.2 

.01080 

Itx 

18 

.08800 

4.12+  .00 

4.10 

810.5 

.00072 

17x 

14 

.08800 

4.00+  .20 

4.(H) 

818.2 

— 

— 

If) 

.08800 

4.82  ± .10 

p.20 

828 . 1 

.(M)280 

12x 

10 

.04480 

4.40  ± .80 

4.00 

200 . 7 

— 

— 
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ening  of  the  crop-sac  had  commenced.  Response  to  the  lowest  dose  tested 
^00028  mg.  bird)  resulted  in  minimal  proliferation.  Two  of  15  pigeons  re- 
•eiving  this  dose  failed  to  respond  at  all,  while  the  remainder  responded 
with  a  small,  but  measurable  proliferation.  There  was  no  apparent  effect 
)f  a  high  dose  injected  over  one  crop-sac  upon  the  response  obtained  with 
t  lower  dose  injected  over  the  opposite  crop-sac  since,  in  the  cases  tested, 
he  re.spon.ses  fell  well  within  the  regression  line.  Further,  in  4  assays  in 
vhich  only  one  crop-sac  was  injected,  no  response  was  obtained  in  the  un- 
iijected  side. 

Discussion.-  There  are  several  variants  which  affect  the  response  of  the 
oigeon  to  lactogenic  hormone  (13).  The  important  ones,  as  long  as  injec- 
iion  route  and  volume  are  standard,  are  weight,  age,  race,  season  and 
lemperature.  We  have,  in  the  present  study,  attempted  to  reduce  the.se 
variants  by  employing  common  pigeons  of  a  particular  weight  range  (and, 
therefore,  presumablj'  age)  and  by  housing  them  under  uniform  conditions 
of  temperature  and  lighting.  The  common  pigeon,  though  not  as  desirable 
as  a  pure  strain  (4,  14),  lends  it.self  very  well  to  lactogenic  hormone  a.ssays 
for,  in  addition  to  being  available  in  great  quantities  in  most  areas,  is  le.ss 
costly  and  adapts  itself  well  to  confinement. 

One  of  the  principal  criticisms  of  the  “micro”  method  of  assay,  par¬ 
ticularly  where  respon.ses  other  than  minimal  were  obtained,  e.g.,  Reece- 
Turner  method  (8),  has  been  the  subjectivity  and  subsequent  lack  of 
(luantitativeness.  In  the  present  investigation  we  have  attempted  to  in¬ 
crease  the  uniformity  and  objectivity  of  the  method.  A  good  correspond¬ 
ence  of  mean  and  median  values  re.sulted  along  with  a  rather  uniform 
standard  error  for  each  assay  within  the  regression  line. 

Reece  and  Turner  (8),  u.sing  the  “micro”  method,  defined  one  unit  of 
lactogenic  hormone  as  the  amount  which  cau.sed  a  proliferation  of  2  cm. 
in  diameter  in  the  common  pigeon  and  suggested  the  area  of  response  was 
directly  related  to  dosage  up  to  a  rating  of  4,  an  area  4  cm.  in  diameter. 
Meite.s  and  Turner  (15)  have  shown  that  the  most  quantitative  results 
could  be  obtained  by  injecting  enough  hormone  to  induce  a  rating  of  2  (an 
area  of  response  2.8  cm.  in  diameter),  or  less.  The  results  of  the  pre.sent 
study  suggest  repeatable  (luantitative  results  are  obtained  over  a  31-fold 
dose  range  of  lactogenic  hormone  which  induced  responses  of  1.92-3.2()  cm. 
in  diameter.  However,  doubling  the  dose  did  not  result  in  a  doubling  of 
response  area  but  rather  a  log-do.se  respon.se  .situation  existed.  A  high  index 
of  precision  (\  =  .ll)  was  obtained  with  our  method  of  assay.  We  feel, 
therefore,  our  local  or  “micro”  method  of  lactogenic  hormone  a.ssay,  em¬ 
ploying  the  common  pigeon  as  the  assay  animal,  to  be  a  convenient  and 
an  accurate  method  for  expres.sion  of  lactogenic  hormone  potency.  Results 
obtained  from  assay  of  preparations  of  unknown  potency  then  may  be 
expre.s.sed  in  terms  of  mg.  .standard,  or,  as  i.u.  simply  by  multiplying  the 
value  of  X  (mg.),  obtained  from  the  regression  equation,  by  20  (20  i.u./ 
i»g.) 
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>ITUITARY  LACTOGENIC'  HORMONE  C'ONC'ENTRATION 
AND  MILK  SEC'RETION  IN  LACTATING  RATS* 

C'LARK  E.  CJROSVENOir  and  CHARLES  W.  TURNER 

Department  of  Dairy  If  asbandnj,  Cnivernity  of  Musouri,  Colamhia,  MixHoari 

AHlsTHAC’T 

'riio  loK'  of  tlu‘  liict()K*“iuc  horinoiK'  in  inaintaiiiiiiK  lactation  in  tlic  rat  lias 
been  studied  by  comparinfi;  milk  secretion  with  the  chansi'  in  concentration  of 
pituitary  lactogenic  hormone  resulting  from  nursing  on  each  of  days  2,  (i,  10,  14 
and  21  ))ost])artum. 

Milk  yield  per  timed  nursing,  litter  body  weight  and  intensity  of  milk  secre¬ 
tion  were  found  to  incriaise  throughout  lactation,  though  a  slight  lag  in  all 
occurred  on  day  14. 

Maternal  body  weights  were  ratlu'r  uniform  but  maternal  pituitary  weight 
per  100  g.  decreased  steadily  from  beginning  to  end  of  lactation. 

Pituitary  lactogmiic  hormom*  levels  of  lactating  rats,  which  were  isolati'd 
from  their  young  for  10  hours  to  standardize  the  influence  of  nursing  stimuli 
(jirenursing  level),  and  of  rats  allowed  to  nurse  30  minutes  after  isolation 
(|)ostnursing  level)  was  determined  by  the  common  ])igeon  micro-method  of  a.s- 
say.  'I'he  ])renursing  level  of  laetogenic  hormoiu'  increasc'd  from  the  2nd  to  the 
0th  day  ])ostpartum,  then  declined  toward  the  end  of  lactation.  The  fall  in 
hormone  concimtration  as  a  n'sult  r)f  30  minutes  nursing  stimuli  was  the  greatest 
on  days  0  and  14  (95%  and  90%,  respectively).  Tlu‘  smallest  decline  occuricd  on 
day  21  (4%),  the  time  of  maximum  milk  seendion.  The  reason  for  this  is 
unknown. 

IT  IS  well  known  that  lactoKcnie  hormone  secreted  by  certain  acidophil 
cells  of  the  anterior  lobe  of  the  pituitary  gland  plays  a  vital  role  in  the 
initiation  and  maintenance  of  milk  secretion  (1).  The  number  and  .secretory 
activity  of  acidophilic  cells  normally  increa.ses  in  late  pregnancy  and  fol¬ 
lowing  parturition  in  the  rat  (2),  then  gradually  declines  as  lactation  ad¬ 
vances,  A  parallel  increa.se  and  decline  in  the  lactogenic  hormone  content 
()f  the  rat  pituitary  gland  has  been  ob.served  (8).  It  is  believed  the  initial  in¬ 
crease  in  pituitary  lactogenic  hormone  is  due  to  estrogen  (4)  which  reaches 
a  peak  in  the  blood  and  urine  near  parturition  but,  as  the  estrogen  level 
ubsides  after  parturition,  maintenance  of  lactogenic  hormone  secretion  be- 
'  omes  dependent  upon  the  regular  application  of  milking  or  nursing  stim¬ 
uli.  Since  the  investigations  of  Reece  and  Turner  (o),  evidence  has  accu- 
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mulated  proposing  that  nervous  stimuli  resulting  from  milking  or  nursing 
are  transmitted  to  the  anterior  lobe,  causing  a  release  of  lactogenic  hor¬ 
mone  into  the  blood-stream.  Recently  it  has  been  shown  that  such  dis¬ 
charge  occurs  very  rapidly  in  the  lactating  rat  once  the  stimulus  of  nursiiif; 
has  been  applied,  but  subsequent  restoration  of  the  prenursing  level  is  a 
slower  process  (0).  In  spite  of  regular  application  of  such  stimuli,  the  pi¬ 
tuitary  level  of  lactogenic  hormone  in  animals  tested  declines  with  the  ad¬ 
vance  of  lactation  (3,  7-9)  though  in  species  such  as  the  rat,  the  lactation 
curve  is  still  rising  (10,  11).  Since  the  absolute  pituitary  level  of  a  hormone 
perhaps  is  not  the  best  indication  of  secretory  activity,  it  .seemed  of  interest 
to  further  evaluate  the  role  of  the  lactogenic  hormone  during  the  lactation 
cycle  by  the  comparison  of  milk  .secretion  with  the  fall  in  pituitary  lacto¬ 
genic  hormone  concentration  which  occurs  during  timed  nursings.  In  the 
present  investigation  we  have  shown  30  minutes  nursing  elicits  a  fall  of  up 
to  05%  in  the  pituitary  lactogenic  hormone  level  during  most  of  the  lacta¬ 
tion  period,  but  toward  normal  weaning  time  only  small  quantities  appar¬ 
ently  are  relea.sed  due  to  the  nursing  stimulus,  though  milk  secretion  is  .still 
very  intense. 

M.\TERI.\LS  AND  METHODS 

.\dult  prinH})arous  lactating  rats  weighing  27.5-325  g  were  housed  in  individual  cages 
under  conditions  of  uniform  temperature  (7S-H0°  F)  in  a  room  artificially  illuminated 
(luring  the  normal  daylight  hours.  They  were  fed  Purina  lab  chow  and  water  nd  libitum. 

•  Shortly  aftcT  birth  each  litter  was  adjusted  to  6  j’oung  and,  whenever  possible,  wen* 
equally  distribut(“d  as  to  sex.  The  following  procedure  was  used  on  each  of  days  2,  (>,  16, 
14  and  21  posti)artum:  Each  of  30  lactating  rats  was  isolated  from  her  litter  for  10  hours; 
at  the  end  of  this  time  mother  weights  were  recorded.  Fifteen  then  were  killed.  The 
remainder  were  united  with  tlndr  young,  allowed  to  nurse  exactly  30  minutes,  then  killed 
imm(‘diat(“ly.  .\fter  death  of  the  mothers,  their  pituitary  glands  were  removed,  weighed 
individually  and  frozen  until  assayed  for  lactogenic  hormone.  Five  pituitary  glands  wert‘ 
pooled  for  each  assay.  These  were  crushed  in  an  agate  mortar,  suspended  in  a  measured 
amount  of  di.stilled  water  and  injected  intradermally  over  one  of  the  crop  sacs  of  15 
mature  adult  common  pigeons  of  both  sexes  weighing  260-340  gm.  Distilled  water  solu¬ 
tions  of  standard  lactogenic  hormone’  were  injected  similarly  over  the  opposite  crop  sacs 
in  some  of  the  assays.  Resulting  croj)  gland  responses  were  measured  and  converted  to 
mg.  lactogenic  hormone  by  the  recent  micromethod  of  assay  of  Grosvenor  and  Turner 
(12).  The  regiession  equation  from  the  assay  procedure  (12)  was  employed  in  the  con¬ 
version  of  crop  gland  r(“sponses  obtained  in  the  present  study  since  in  every  instance  tin 
average  crop  gland  response  to  the  standard  was  +5-10%  of  that  produced  with  tie 
corresponding  dose  of  the  standard  in  the  original  assay. 

.Vfter  each  litter  had  been  nursed  30  minutes,  the}’  were  weighed,  killed  b} 
decapitaticui  and  their  stomach  contents  removed  and  weighed. 


RESULTS 

It  was  ob.served  most  litters  eea.sed  active  sucking  with  approach  of  tin 
end  of  the  30  minutes  nursing  period.  They  either  would  fall  asleep  whil-. 

’  The  lactogenic  hormone  (XIH-SP-1)  is  a  highly  purified  sheep  preparation  estimates 
to  contain  20  i.u.  mg.,  being  distributed  by  the  Xational  Institutes  of  Health. 
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'I'aBLK  I.  .MiI.K  REMOVAI.  by  MRSI.\(i  RATS  AT  INTERVALS 
IH'RIXI'.  LACTATION 


No.  of 
rats 

.\verage 

1  )ay  of 
tctation 

Litter 

weight 

(gm.) 

-Milk 

weight 

(gm.) 

Milk  weight 
Litter  weight 
(%) 

Mother 

weight 

(urn.) 

Pitui¬ 

tary 

weight 

(mg.) 

Pitui¬ 
tary 
weight 
100  gm. 

2 

1 5 

40 . 

282 .  t) 

12.1 

4.30 

1 5 

1  .1 1 

3.0  ± .20' 

•204 . 1 

12.5 

4 . 25 

Mean 

10 . 2 

288 . 4 

12.3 

4 . 28" 

(> 

l.T 

72.0 

.. 

•2!  15 . 7 

1 1  .'.1 

4.00 

l.'i 

1  <  .  O 

3.10 

4.0  ±  .3<) 

203 . 1 

11.0 

3.00 

•Mean 

74.  S 

204 . 4 

1 1  .8 

4.01 

10 

15 

120.7 

•2!  18 . 7 

1 1  .0 

3.01 

15 

127.0 

0 . 40 

5.0  ± .33= 

308.7 

11.0 

3.70 

Mean 

127.2 

302 . 7 

11.0 

3.84' 

14 

15 

148.4 

280.0 

10.5 

3 . 02 

15 

158.4 

0 . 80 

4.3  ±  .4.5" 

202 . 5 

0.3 

3.18 

Mean 

153. 4 

20 1 . 2 

8.0 

3.40 

21 

15 

257 . 5 

300 . 5 

10.3 

3.33 

15 

202 . 4 

15.50 

5.0+  .38" 

314.8 

10.0 

3.18 

.Mean 

200.0 

312.2 

10.2 

3.2(P 

Student’s  “t' 

I’rohahilit 

1_2 

.005 

2_3 

AWy 

2 

2 

m1()5 

ye 

.005 

fi_7 

.005 

attaclied  to  the  motlier  or  tlie  mother  would  disensase  herself  from  her 
young. 'The  amount  of  milk  thus  obtained  by  litters  of  6  young  and  the 
weight  of  the  young  increased  steadily  throughout  lactation,  though  a 
slight  lag  occurred  in  both  between  days  10  and  14  (Table  1).  The  weight  of 
milk  obtained,  expressed  as  per  cent  litter  body  weight,  similarly  increased 
during  lactation  with  the  exception  of  an  insignificant  drop  which  occurred 
on  day  14  (Table  1).  The  per  cent  yield  did  not  vary  significantly  between 
(lays  2,  0  and  14,  but  a  significantly  greater  yield  over  that  of  days  2  and  6 
occurred  on  day  10.  The  maximum  per  cent  yield,  obtained  on  day  21,  was 
•significantly  increased  over  that  of  days  2,  0  and  14,  but  not  that  obtained 
jn  day  10.  It  is  of  interest  to  note  maternal  body  weights  were  rather  uni¬ 
form  while  milk  yields  were  increasing.  However,  maternal  pituitary 
weight  per  100  g.  body  weight  decreased  steadily  from  the  beginning  to  the 
md  of  lactation  (Table  1).  This  decrease  was  highly  significant  by  the  10th 
lay  postpartum. 
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Fui.  1.  Fall  in  pituitary  lactom'uic 
hormoiM'  concentration  as  a  result  of  30 
minutes  nursing  stimuli  (postnursinn  level) 
following  10  hours  isolation  of  mother  and 
y(»ung  (i)renursing  level).  Each  jHdnt 
represents  m(>an  of  15  irituitarv  glands. 


if  6  10  14  Z1 

OAV  ae  LACTATION 

Tlie  pituitary  lactogenic  hormone  level  of  lactating  rat.s  which  were 
separated  from  their  young  for  10  hours  to  standardize  the  influence  of 
nursing  stimuli  (prenursing  level)  was  highest  on  days  0  and  14  (Fig.  1). 
Also,  the  fall  in  pituitary  lactogenic  hormone  level  as  a  result  of  nursing 
stimuli  was  the  greatest  on  these  days  (05  and  00%,  respectively).  The 
.smallest  decline  due  to  nursing  was  4%  and  occurred  on  day  21. 

DISCUSSION 

It  is  known  (10,  11)  the  amount  of  milk  produced  by  lactating  rats  in¬ 
creases  steadily  throughout  lactation,  though  the  incidence  of  nursing  de¬ 
creases  as  lactation  advances  (13).  It  would  be  expected,  therefore,  that 
older,  heavier  litters  would  obtain  more  milk  per  timed  nursing.  This  has 
been  confirmed  in  the  present  study.  Litter  weight  also  increa.sed  with  in¬ 
creased  milk  yield  indicating  greater  milk  production  as  lactation  advanced 
.since  the  heavier  the  litter,  the  more  milk  must  be  .secured  to  .sati.sfy  in- 
crea.sing  energy  reijuirements  for  growth  and  maintenance.  Other  condi¬ 
tions  being  the  same,  the  amount  of  milk  obtained  per  timed  nursing,  ex- 
pres.sed  as  per  cent  litter  body  weight,  then  becomes  a  rough  measure  of 
milk  secretion.  On  this  basis,  results  of  the  present  investigation  show  milk 
.secretion  increased  during  lactation,  though  an  unexplained  decline  oc¬ 
curred  on  the  14th  day  postpartum.  .\  similar  depression  has  been  observed 
in  lactating  mice  (14).  The  increa.se  in  the  prenursing  pituitary  lactogenic 
hormone  level  from  the  2nd  to  the  6th  day  postpartum  and  subsequent  de¬ 
cline  toward  the  end  of  lactation  ob.served  in  the  present  study,  is  in  accord 
with  results  obtained  with  rabbits  (7,  9),  mice  (8)  and  ratf<  (3).  Estrogen 
has  been  demonstrated  to  increa.se  pituitary  weight  in  rats  and  to  ev'oke  ele¬ 
vation  in  pituitary  lactogenic  hormone  lev’els  (15),  .so  the  po.s.sibility  arises, 
decline  in  pituitary  weight  and  reduction  in  prenur.sing  lactogenic  hormone 
levels  may  be  due  to  the  reduced  estrogen  secretion  which  occurs  during 
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actation  in  tlie  rat.  As  maintenance  of  milk  secretion  is  iiiulouhtedly  a  re- 
-ponse  to  the  coordinated  actions  of  several  pituitary  hormones,  a  suhopti- 
nal  secretion  of  any  one  of  them,  therefore,  could  result  in  diminished  milk 
ecretion.  Though  the  prenursing  pituitary  lactogenic  hormone  concentra- 
ion  declined  in  late  lactation  in  the  rat,  such  decline  should  not  be  inter- 
)reted  as  suboptimal  hormone  output.  If  this  were  so,  milk  .'^ecretion  would 
save  been  expected  to  diminish.  Instead,  heightened  milk  secretion  was  as- 
ociated,  in  the  pre.sent  study,  with  lowered  pituitary  lactogenic  hormone 
evels.  Similarly,  no  coinciding  peak  between  the  magnitude  of  fall  of  the 
)ituitary  lactogenic  hormone  level  due  to  nursing  and  lactation  was  appar- 
nt.  Ironically,  maximal  lactation  was  associated  with  a  minimal  drop  in 
lormone  concentration  on  the  21st  day  of  lactation.  The  reason  for  this  is 
not  clear,  though  there  are  several  possibilities:  The  slight  reduction  from 
ihe  prenur.sing  level  on  day  21  may  indicate  that  a  conditioning  of  reflex 
mechanism  for  lactogenic  hormone  release  has  occurred.  This  could  re.sult 
in  periodic  discharge  of  hormone  perhaps  due  to  external  stimuli  such  as 
sight  and  smell  of  the  young,  or  to  stimuli  originating  from  within  the  ani¬ 
mal  such  as  milk  pressure.  Another  possibility  is  that  continuous  secretion 
and  discharge  of  lactogenic  hormone  may  occur  at  this  .stage  of  lactation 
in  the  rat  which  is  independent  of  application  of  nursing  stimuli.  If  either  of 
these  possibilities  are  true,  the  total  amount  of  lactogenic  hormone  dis¬ 
charged,  e.g.,  per  day,  therefore,  might  be  equivalent  to,  or  in  excess  of, 
that  released  within  the  same  interval  during  earlier  stages  of  lactation.  A 
somewhat  remote  explanation  may  be  that  a  gradual  reduction  in  effi¬ 
ciency  of  the  mammary-pituitary  reflex  for  lactogen  release  occurs  as  lacta¬ 
tion  advances.  If  this  is  so,  it  mu.st  be  assumed  the  small  amount  of  hor¬ 
mone  relea.sed  as  a  result  of  nursing  stimuli  is  sufficient  to  allow  for  .secre¬ 
tion  of  the  large  quantity  of  milk  produced  at  this  time. 
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ABSTRAC'T 

Loiig-Evans  rats  hypophysi'ctomizi'd  on  the  12tli  day  of  j)resnaney  showed 
a  small  amount  of  milk  in  their  mammary  glands  on  the  day  of  ))arturition. 
I'ntreated,  such  rats  resorbed  this  milk  and  w(>r(‘  unable  to  supply  enough  to 
their  own  or  foster  young  for  even  one  day’s  maintenance.  Mammotroi)in  (M  H) 
and  cortisol  jn-oved  to  be  adequate  substitution  therapy  in  raising  the  milk 
I)roduction  in  such  animals  to  apj)roximat(‘ly  o0%  of  normal,  and  in  maintain¬ 
ing  it  at  that  level.  During  these  tests  the  mothers  lost  about  1  gm.  of  bofly 
weight  daily  while  each  of  six  pups  gained  that  amount.  It  was  unnece.ssary 
to  inject  oxytocin  for  milk  conduction  in  these  rats,  although  the  degree  to 
which  the  endogenous  secretion  of  this  hormone  had  n'turned  was  unknown.  Xo 
good  evidence'  was  obtained  to  jerove  that  either  somatotroi)in  or  thyroxin,  when 
added  to  an  MU  and  cortisol  regimen,  improved  the  lactational  response.  Xo 
one  of  the  mentioned  hormones  supi)orted  lactation  nor  did  any  combination 
that  exchuled  both  MH  and  cortisol.  These  two  hormones  are  not  only  impor¬ 
tant  in  initiating  milk  secretion,  but  also  in  maintaining  lactation  in  the  rat. 

IN  1938  (1)  it  wa.s  reported  that  lactation  could  be  induced  in  rats  hy- 
pophy.sectomized  one  day  ante-partum  by  injections  of  a  lactogenic  hor¬ 
mone  preparation  containing  high  unitages  of  mammotropin  (MH,  pro¬ 
lactin)  and  adrenocorticotropin  (ACTH).  The  young  did  not  obtain 
enough  milk  to  be  maintained  although  there  was  ample  in  the  glands  of 
most  of  the  mothers.  This  failure  has  been  partially  attributed  to  an 
inadequate  .supply  of  oxytocin  from  the  hypothalamic  source  interrupted 
at  hypophysectomy  and  from  the  extracts  used.  Also,  in  retrospect  the 
do.ses  of  MH  and  ACTH  may  be  said  to  have  been  excessive. 

In  1939  and  1940,  Gomez  (2,  3)  reported  in  two  abstracts  that  he  was 
able  to  induce  lactation  in  hypophysectomized  rats  injected  with  pitui¬ 
tary  and  adrenocortical  extracts  only  when  pituitrin  was  added  to  the 
regimen;  and  even  then  lactation  was  subnormal.  Since  then,  there  have 
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•een  few  attempts  to  (piantitate  lactational  responses  to  hormones  in 
lypophysectomized  animals.  Recently  Cowie  (4,  o)  has  developed  a  test 
ising  rats  hypophysectomized  on  the  4th  day  post-partum;  and  Bin- 
arninssih  et  al.  (6)  have  reported  their  findings  in  rats  hypophysectomized 
II  mid-pregnancy  and  studied  after  parturition.  In  the  meantime,  many 
xperiments  have  been  performed  in  which  milk  secretion  has  been  induced 
II  hypophysectomized  animals  without  attempts  being  made  to  study  the 
all  lactational  response  which  also  involves  milk  removal  (see  reviews 

4,  8).  Lactogenesis  in  response  to  hormones  has  been  studied  in  the 
implest  form  (mammary  cultures)  by  I'dias  (9),  and  in  what  must  be  con- 
idered  the  most  complex  forms,  namely  ruminants  in  declining  lactation 
inder  the  influence  of  all  of  their  own  and  fetal  hormones  including  those 
of  the  placenta  (7,  10,  11). 

EXPERIMENTAL  PROCEDURE 

In  experiments  information  was  sought  eoneerning  the  whole  nursing  jrer- 

lormanee  of  hypophysectomized  Long-Evans  rats  under  different  hormonal  regiimms 
during  the  10-day  period  following  a  first  pregnancy.  .Ml  animals  didiveri'd  living  or 
dead  young  at  the  expected  time  or  one  to  three  days  lat(‘r.  The  mammary  glands  con¬ 
tinue  developing  in  such  rats  hypophysectomized  on  the  12tli  day  of  gestation  (12,  Lt), 
and  a  small  amount  of  milk  may  be  found  in  these  glands  for  a  short  time  after  |)arturi- 
tion.  There  is  nev(‘r  enough  to  sustain  even  one  young;  and  if  no  treatment  is  instituted, 
the  milk  re.sorbs  in  one  to  two  weeks.  It  shoidd  Im'  emphasized,  therefore,  that  in  this 
-tudy  hormoiH's  wen*  given  to  enhance  or  maintain  milk  .seeretion  alnauly  initiatcal. 

Of  any  12  rats  jncpared  for  the  lactation  test,  it  is  rare  to  have  even  one  succumb  to 
hypophysectomy.  Tsually  not  more  than  one  resorbs  its  concej)tus;  and  one  may  be¬ 
come  “toxic”  and  die  after  having  been  unable  to  deliver  its  young.  .\nd  lastly,  it  is  not 
unusual  for  one  of  the  original  dozen  to  neglect  its  own  or  fostt'r  young,  ami  thus  dis- 
{pialify  itself  as  a  suitable  test  animal.  It  was  learned,  as  {)r('viously  shown  (14.  15),  that 
a  hypophysectomized  rat  with  no  hormonal  substitution  may  act  as  solicitously  toward 
its  own  or  fost('i'  young  as  do  normal  mothers;  and  that  neglect  may  be  exhibitc'd  in  sjiitc* 
of  th(‘  pituitaiy’s  presence  or  hormonal  induction  of  an  abundant  milk  secretion.  It 
seemed  best  to  exclude  the  few  totally  neglectful  mothers  regardless  of  whether  tlu'v  be¬ 
longed  to  tlu‘  hormont*-inject(>d  or  control  groups,  and  regardless  of  whether  their  glands 
were  emjrty  or  full  of  milk.  'I'hey  were  treated  and  studied  as  othei-  rats  in  their  gioup 
for  the  usual  lO-day  })(‘riod,  but  they  could  not  be  used  in  ((uantitative  tests  for  milk 
formation  and  delivery. 

These  poor  nurses  could  usually  be  recognized  as  such  immediately  aftc'r  or  even  b(‘- 
fore  pai  turition.  ’I'hey  did  not  retric've  well  or  at  all;  they  were  sloveidy  about  n(‘st  build¬ 
ing  or  n(*glect(‘d  it;  they  sec'med  irritable  with  their  own  or  foster  jjups,  and  left  them  to 
•  lie  within  a  day  or  two,  cold  and  unfed.  In  contrast  to  these,  the  great  majority  of  the 
liypophysectomized  rats  whether  treated  or  not  exhibitt'd  good  maternal  behavior,  ja'i- 
mitting  tludi'  nipj)les  to  be  drawn  out  to  great  lengths  wlum  then*  was  no  milk,  and  often 
carrying  the*  pups  to  the  food  cups  hoping  that  they  might  serve  thems(‘lv(‘s. 

The  advantage  of  lats  hypojjhysectomized  in  mid-pregnancy  over  those  ojrerated 
upon  during  lactation  is  largcdy  in  the  avoidance  during  the  test  of  such  indisirosition 
as  may  follow  a  traumatic  procedure.  Furthermore,  the  oxytocin-s«‘creting  mechanism  of 
the  hypothalamus  becomes  restored  in  the  10-14  day  interval  to  such  an  extent  that  no 
oxytocin  need  be  injected  to  ensure  milk  movement  along  rlucts.  Hypophys<‘ctf)my  in 
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nud-gcstation  also  made  it  possil)!*'  to  deplete  tlie  test  animal  of  the  pituitary  faetors  and 
the  target  organ  hormones.  The  placental  factor  that  imitates  MH  in  its  luteotropic  and 
mammary  stimulating  activities  remains  active;  and  accounts  for  the  maintenance  o) 
pregnancy  aiul  the  mammary  apparatus.  However,  the  corpora  lutea  degenerate  by  tin 
(Mid  of  pregnancy;  and  no  new  on(*s  form  as  is  the  ca.se  when  hypophysectomy  is  delayed 
until  a  day  or  two  aftcM’  jiarturition. 

On  the  day  of  parturition  each  motluM'  with  her  own  or  a  fostiM'  litt(M'  was  caged  sep¬ 
arately;  and  nesting,  retrieving  and  nursing  behaviorisms  were'  noted.  .V  clu'ck  was  imuh 
each  day  for  the  presiMice  of  milk  in  the  maternal  glands  and  the  jiujis’  stomachs,  and, 
daily,  individual  weights  were  recorded.  The  first  5  days  were  used  as  an  adjustment 
pcM'iod,  whereas  the  second  (and  in  a  few  ca.ses  the  third)  o-day  periods  were  used  for 
quantitating  the  lactational  iTsponse.  The  jiups  were  u.s(‘d  as  a  means  of  withdrawing  the 
milk  and  quantitating  its  effect  on  the  basis  of  body  weight  incriMiuMit;  and  this  was  best 
accom|)lished  by  k(*eping  (i  active  fost(M-  pups  (initially  0-7  gm.  in  weight)  with  the 
mother  constantly  throughout  the  0-1 1  day  period.  These  pups  were  weighed  at  the  be¬ 
ginning  of  the  e.xperiment  with  their  alimentary  tracts  full  of  milk  from  their  own 
mothers — as  may  be  observc'd  through  the  skin;  and  therefore  the  daily  weight  inen*- 
nuMit  represented  gain  in  tissue  weight  for  the  most  part,  but  not  entirely.  In  a  positive 
resjionse  then'  was  notc'd  a  steady  climb  in  tbe  body  weight  curve  although  the  mean 
daily  increments  remained  fairly  constant.  During  the  course  of  this  experiment  it  was 
noted  that  14  normal  rats  supi)lied  their  first  litter  of  0  with  enough  milk  for  them  to 
show  mean  daily  body  weight  increments  of  1.4  gm.  for  the  first  .5-day  j)eriod  and  2.2 
gm.  for  both  the  .s(*cond  and  third  .5-day  periods.  There,  as  in  the  experimental  animals, 
one  can  only  estimate  the  amount  of  milk  ingested  on  the  basis  of  body  weight  incre¬ 
ment.  Brody  and  Xisbet  (lb),  and  Cowie  and  F'olh'y  (17)  among  others  have  done  this; 
and  the  latter  have  estimati'd  that  the  mean  daily  gain  in  weight  per  litter  over  the  b-l  1 
day  period  (“the  litter  growth  index”)  is  roughly  ,50-60%  of  the  true  milk  yield.  One 
does  not  assume  from  this  that  the  amount  of  milk  required  by  a  6-day-old  pup  to  in¬ 
crease'  in  weight  from  13  to  15  gm.  would  be  as  much  as  that  ne'edi'd  by  an  1 1 -day-old  oiu' 
to  incH'a.se  from  23  to  25  gm.  The  lattc'r  must  maintain  a  much  larger  tissue  mass,  and 
add  to  it  an  ('(pial  daily  increment — a  feat  that  might  possibly  be  accomplislu'd  by  tlu' 
same  amount  of  milk  of  bettc'r  constitution  and  more  efficiently  utilized.  This  point  is 
important  in  judging  the  n'sults  of  experiments  in  which  two  .5-day  periods  [6-11. 
11-16]  well'  used  in  comj)aring  different  hormonal  n'gimens  in  the  same  mother-littc'r 
('ombinations. 

'riu'  MH  was  pr('i)ared  from  oviiu'  jjituitaries,  and  contained  aj)proximat('ly  30  i.u. 
|)('r  mg.  Then'  was  h'ss  than  an  ('stimated  1%  contamination  of  the  otlu'r  anterior  and 
post('rior  lobe  hormoiu's;  and  j)ositive  lactogenic  n'sponses  to  thesi'  MH  preparations 
w('r('  duplicatc'd  with  solutions  boiled  to  (h'.stroy  trace  eontamination  with  all  of  the 
other  hormones  but  .\(’TH.  Tin*  .somatotropin  (S’l'H)  was  jirepared  from  bovine  ant('- 
rior  lobes.  It  contained  approximately  2%  of  .M  H  and  less  than  an  estimat'd  1  %  of  other 
hormonal  contaminants.  The  thyroids  and  adrenals  of  the  test  rats  in  these  experiments 
showc'd  no  histologic  evidence*  of  stimulation  after  10  daily  doses  of  5  mg.  of  MH,  but 
.slight  repair  after  10  daily  dose's  of  2  mg.  of  STH.  Different  levels  of  MH,  STH  and 
either  cortisol  ace'tate'  or  pre'dni.solone  acetate  were  injected  daily  subcutaneously  alone' 
and  in  various  combinations.  The  injections  were  started  on  the  day  of  parturition  and 
continued  for  10  days  or  more.  Dosage'  was  base*d  upon  figures  and  results  published  pre'- 
viously  (IS,  19)  on  tlie  initiation  of  milk  secretion  in  hypophysectomlzed  male  and  fe¬ 
male  rats  of  this  strain. 

RESULTS 

In  Table  1  are  listed  some  of  the  hormonal  regimens  that  have  been 
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'I'aHI.K  1.  NK<i.\TIVK  I.ACTATIO.VAI.  HKSI-ONSK  IN  H  Y  I’ol’ll  VSKCTf  >.M1Z  Kl)  HATS  I\.IKCTKI>  WITH 
MAMMOTHon  N,  S(  )M  ATt)TU<  >IM  \  OK  COUTISOI,  AI.ONK  AM)  IN  IKKTAIN  <  o\I  BI  N  AITONS 
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*  As  seen  niicroscopically  after  lu'cropsy  on  the  day  after  It)  daily  injections, 
t  Preilnisolonc  acetate  instead  of  cortisol  acetate. 


found  inadetpiate  in  lactational  tests.  MU,  STH,  cortisol,  prednisolone, 
.\III  pins  STIf,  STH  plus  cortisol  or  prednisolone  were  ineffective  in  a 
limited  range  of  do.ses  in  supporting  even  a  single  pup.  A  trace  of  milk  pres¬ 
ent  in  these  animals  and  uninjected  controls  after  parturition  and  before 
injections  were  started,  sometimes  persisted  for  the  10-day  observation 
period.  It  could  only  be  demonstrated  by  careful  manipulation  of  the 
glands  through  the  skin  and  by  microscopic  study  of  the  tis.sue  taken  at 
necropsy.  Some  of  the  glands  from  these  hormone-treated  rats  showed 
better  parenchymal  maintenance  than  the  uninjected  controls.  This  might 
indicate  a  residual  or  slightly  stimulated  adrenocortical  function  in  cases 
receiving  MH  or  STH  without  cortisol  and  slight  activity  of  the  trace 
contamination.  Hormonal  doses  that  maintain  mammary  alveolar  cells  or 
stimulate  them  minimally  to  secrete  milk  must  be  con.siderably  lower  than 
those  recpiired  for  a  litter-sustaining  lactation. 

In  Tables  2  and  H  may  be  seen  the  results  obtained  with  a  small  range  of 
dosages  of  MH  plus  cortisol  and  MH  plus  STH  and  cortisol  respectively. 
For  comparative  purposes  the  prednisolone  acetate  (delta-1  cortisol  ace¬ 
tate)  may  be  considered  approximately  three  times  as  potent  as  the  cortisol 
acetate  in  glucocorticoid  activity.  The  doses  of  both  cortisols  used  antag¬ 
onize  the  body  weight  increa.sing  activities  of  STH;  and  so  the  do.ses  of  the 
latter  were  kept  fairly  high  to  ensure  a  slight  maternal  body  weight  gain 
during  the  10-day  period.  Any  beneficial  effect  on  maternal  weight  that 
might  have  been  expected  from  the  higher  doses  of  MH  would  have  to  be 
considered  neutralized  by  the  cortisol.  The  mothers  injected  with  MH 
plus  cortisol  usually  lost  weight.  In  the  day-to-day  weighings,  wide  fluc¬ 
tuations  were  noted  in  maternal  body  weights  due,  mainly,  to  the  degree  of 
fullness  of  the  mammary  glands.  However,  the  practice  of  weighing  the 
mothers  in  the  late  afternoon  was  also  followed  in  the  case  of  13  normal 
rats  during  the  .same  period  of  lactation;  and  attempts  were  made  to 
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Table  2.  Lactational  responses  in  hypoi-hysectomized  rats  inmecteo 

WITH  MAMMOTROIMN  ANI)  CORTISOL 


<  'iroup 

Xo.  of 
mothers 

Pups  per 
litter 

Hormones 

(mg.  /flay  ) 

.\ver:ige 

body  weight  changi- 
(gm./day) 

.Mil 

('ort. 

Mother 

1  Pup 

Id 

0 

10.0 

0.4t 

-  1  d 

+  1.1  (0.0-1  .0)* 

14 

(i 

5.0 

0.4t 

+0.d 

+0.8  (0.4-1  .2) 

1.5 

0 

5.0 

1  .0 

i  -1.8 

+0.0  (0.5-1  .41 

10 

4 

4 

5 .0 

0.2t 

1  -O.ti 

+  1.2  (0.8-1  .2) 

17 

n 

1 

5.0 

0.2t 

'  -0.4 

+0.0  (O.d-l  .4> 

IS 

d 

0 

5.0 

0..5 

-0.4 

+0.0  (0.5-1  .2) 

10 

d 

0 

d.o 

1  .0 

-  1  .0 

+0.5  (O.d-0.8) 

20 

d 

0 

2 . 5 

0.4t 

-1.1 

+0.8  (0.4-1 .0) 

*  Ranttc  of  mean  pu])  Lody  weight  increiniMits  in  different  litters, 
t  Prednisolone  acetate  used  instead  of  cortisol  acetate. 

J  .\lso  received  5  mK-  l-thyro\in  ilaily  wliieh  raised  (>«  consumption  to  normal  range. 


imitate  as  closely  as  possible  the  1-2  gm.  daily  gains  in  the  normal  mothers 
by  giving  adequate  STH  to  some  experimental  groups. 

Most  of  the  lactational  responses  in  rats  that  received  MH  plus  one 
of  the  cortisols  fall  close  to  50%  of  normal.  The  wide  range  of  mean  weight 
responses  in  the  different  litters,  as  shown  in  the  tables  and  the  paucity 
of  litters  make  it  difficult  to  detect  differences  in  lactation  that  could  be 
attributed  to  dosage  of  MH  or  cortisol.  From  these  results  it  may  only  be 
said  that  a  daily  dose  of  5  mg.  of  MH  and  1.0  mg.  of  cortisol  (0.4  of  pred¬ 
nisolone)  is  adequate  to  e.stablish  a  level  of  lactation  at  approximately 
50%  of  normal. 

Of  the  11  groups  of  mothers  that  received  STH  in  addition  to  MH  plus 
cortisol,  three  (Oroups  22-24)  seemed  to  show  slightly  better  responses. 


Table  5.  Lactatiknal  responses  in  iiypophysecto.mizeu  rats  injected 

WITH  .MAM.MOTROPIN,  SO.\I ATOTROPI N  AND  CORTISOL 


Group 

Xo.  of 
mothers 

Pups  per 
litter 

Hormones  (mg. 

^dayl 

.\verage  body  weight  change 
(gm./day) 

MH 

STH 

Cort . 

•Mother 

Pup 

21 

5 

0 

10.0 

2.0 

1 .0 

+d.8 

+  1  .0  (O.d-l  .0)* 

22 

0 

0 

10.0 

2.0 

2.0 

+0.0 

+  1.8  (0.0-2. 7) 

2.d 

5 

10.0 

1  .0 

1  .0 

+0.0 

+  1.5(1. 1-2.01 

24 

o 

5.0 

1  .0 

1 .0 

+  1  .0 

+  1.0  (0.0-1  .7) 

25 

d 

5.0 

1  .0 

0.4t 

+  1.() 

+0.8  (0.1-1  .4) 

20 

n 

4 

5.0 

1  .0 

0.2t 

+2.2 

+0.0  (0.4-1.51 

27 

4 

I) 

5.0 

4.0 

0.4t 

+5.2 

+0.0  (O.d-0.8) 

28 

0 

0 

5.0 

0.5 

0.5 

+2.2 

+0.0  (0.2  0.0) 

20 

(i 

5.0 

0.2 

1  .0 

-0.8 

+0.5  (O.d-O.Oi 

do 

'  4 

0 

2.5 

1  .0 

1  .0 

+  1.0 

+  1.0  (0.8-1  .d) 

di 

d 

0 

2 . 5 

1 .0 

o.it 

+  2.2 

+0.0  (0.8-1  .d) 

*  Range  of  mean  pup  body  weiglit  increments  in  different  litters, 
t  Prednisolone  acetate  used  instead  of  cortisol  acetate. 

X  .\lso  received  5  Rg.  f-thyroxin  daily  which  raised  ()o  consumption  to  normal  range, 
id  normal  mothers  showed  a  mean  weight  increment  of  1  gm./day  from  day  5  to  10. 
Their  litters  of  t»  showed  a  mean  weight  increment  of  2  gm./day/pup. 
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Two  of  these  groups  of  o  rats  were  on  the  liigli  dose  of  10  mg.  of  MH  and  1 
or  2  mg.  of  STH.  On  the  whole,  the  addition  of  STH  improved  the  condi¬ 
tion  of  the  mothers,  but  this  was  not  uniformly  reflected  in  the  better 
growth  of  the  pups.  To  feel  secure  in  attributing  lactational  improvement 
in  the  range  of  20%  to  added  STH  as  has  been  done  in  cows  (20,  11,7,  21), 
groups  of  20  mothers  may  have  to  be  used  in  the  rat  test. 

In  comparing  the  respon.ses  to  lactogenic  regimens  with  and  without 
STH,  the  wide  range  of  mother-litter  variations  may  be  controlled  as 
shown  in  the  data  obtained  from  (Iroups  El,  14,  10  and  20  and  presented 
in  Table  4.  Having  obtained  figures  on  maternal  and  pup  body  weight 
change  in  response  to  MH  plus  prednisolone  during  the  usual  (i-l  1  day 


Tabi 

-E  4.  Lactation 

TESTS 

I’EREORMEI)  IN 

SEglEV 

GE  ON 

:  THE  SA 

ME 

H  YPol 

•HVSF 

:(Ti 

»MIZKD 

R.\TS  IN.IEC 

TEI>  \V 

ITH  THE  SAME  < 

»R  DIFFERENT 

HORMON 

Al 

.  REGIN 

lENS 

1 

1 

Av. 

body 

Daily 

increment 

pup 

Croup , 

No.  of 
mothers 

o  day  i 
ptM'lod 

day) 

wt. 

fsni. 

ehg. 

day) 

1 

fitter  : 

No. 

Mil  STII  1 

I*n*d.*  Motli(-i 

Clip 

1 

■i 

4 

14 

.{  6 

1st 

5.0  — 

0.4 

-1.1 

'  +1.0 

0. 

7  1 

1.2 

_ 

2nd 

5.0  1.0 

0.4 

+2.2 

i 

0. 

8  1 

4 

1.2 

— 

20 

:i  B 

1st 

2.5  — 

0.4 

-1.1 

+0.8 

0. 

0  0 

4 

1.0 

_ 

2nd 

2.5  1  <1 

0.4 

+2.1 

4-0.0 

1. 

2  0 

o 

1.2 

IB 

4  4 

1st 

5.0  — 

0.2 

-0.6 

+  1.2 

0. 

8  0 

8  . 

1.0 

,  1.2 

2nd 

5.0  1.0 

0.2 

+2.5 

+  1.2 

0. 

4  1 

0 

2.0 

1.4 

:{  B 

1st 

10.0 

0.4 

-i.;i 

+  1.1 

0. 

6  1 

■■  i 

l.B 

2nd 

1  »'>■«  1  -  , 

0.4 

+  1.5 

+  1.4  1 

0. 

0  1  1 

6  j 

17 

1  - 

*  l*n»dnisolom*  (d<*Ita-l  rortisol)  a< 

retate;  about  3X  an 

potent  ais 

cortisol  acetate. 

period,  1  mg.  of  STH  was  then  added  to  the  regimens  and  the  daily  weight 
changes  were  recorded  for  the  11-1()  day  period.  In  (Jroup  13  the  response 
to  the  same  MH  plus  prednisolone  dosage  was  followed  through  the  two 
.")-day  periods.  All  of  the  20  litters  studied  except  one  (Xo.  1  of  Group  10) 
show  a  similar  or  slightly  better  daily  weight  increment;  and  as  in  the 
earlier  experiments  this  averaged  about  1  gm.  per  day.  Whether  the 
mothers  lost  1  gm.  per  day  or  gained  2  gm.  due  to  added  STH,  the  litters 
gained  at  approximately  the  same  rate  or  at  best  improved  to  the  extent 
of  10-20%  in  the  second  period.  As  suggested  above,  about  double  the 
body  mass  was  being  maintained  during  the  second  period  as  compared 
with  the  first,  and  a  correction  for  this  factor  would  favor  the  second  tests 
without  necessarily  crediting  STH  with  the  enhancement  of  milk  produc¬ 
tion.  The  order  of  regimens  would  have  to  be  reversed  in  order  to  control 
improved  mother-litter  relationship,  differences  in  oxytocin  secretion,  etc. 

Of  special  interest  were  two  groups  of  mothers  that  received  5  /ng.  of 
thyroxin  daily  during  the  test  in  order  to  restore  their  metabolic  rates  to 
the  normal  range.  These  were  the  oidy  experiments  in  which  4  instead  of  (5 
pups  per  litter  were  used.  The  young  of  4  litters  in  Group  10  (Table  2) 
with  mothers  on  o  mg.  of  MH  and  0.2  mg.  of  prednisolone  gained  1.2  gm. 
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per  (lay,  whereas  those  of  (Iroup  17  with  mothers  on  the  same  liormoiies 
plus  o  ng.  of  thyroxin  gained  0.9  gm.,  as  did  those  in  (Jroup  20  (Table  8) 
reeeiving  o  mg.  of  MU,  0.2  mg.  of  prednisolone,  1  mg.  of  STH,  and  5  mS- 
of  thyroxin. 

The  MH  used  did  not  elevate  the  rate  of  O2  consumption  from  the  hypo- 
physeetomized  control  level  (20  eal.  m.^  hr.),  whereas  the  combination  of 
prednisolone  and  thyroxin  used  returned  it  to  85  as  compared  to  25  for 
prednisolone  alone,  and  80  for  normal  females  of  this  age.’ 

DISCUSSION' 

The  results  obtained  in  these  experiments  confirm  the  earlier  findings 
that  MH  is  “lactogenic”-  which  simply  means  that  it  is  active  in  milk 
production.  The  claim  that  this  hormone  is  a  potent  factor  in  initiating 
milk  secretion  has  never  been  seriously  (luestioned.  But  with  the  introduc¬ 
tion  of  a  new  use  for  the  term  “galaetopoietie,”  namely,  as  a  label  for  hor¬ 
mones  that  enhance  or  maintain  lactation  already  in  process,  the  role  of 
MH,  here,  has  been  le.ss  clear,  e.speeially  when  judged  by  its  effect  in  dairy 
animals  and  women.  In  this  attempt  to  (piantitate  MH’s  activity  as  a 
“continuing  lactogenic”  or  galactopoietie  factor,  it  would  appear  that  it 
is  as  necessary  in  maintaining  lactation  in  the  hypophyseetomized  rat  as 
in  initiating  it.  And  the  neee.ssity  of  having  the  mammary  gland  under  the 
influence  of  an  adrenocortical  hormone  seems  to  be  eijually  important  in 
the  maintenance  and  induction  of  milk  secretion. 

From  the  data  collected  it  may  be  said  that  MH  and  cortisol  need  not 
be  supplemented  with  STH  nor  thyroid  hormone  in  bringing  a  hypophysee¬ 
tomized  rat’s  mammary  glands  into  substantial  secretory  activity  and 
maintaining  them  at  a  functional  level  considered  to  be  about  50%  of 
normal.  ICven  at  the  .‘subnormal  growth  rate  ob.served  (approximately  1 
gm.  per  day  as  compared  to  the  normal  increment  of  about  2)  young  could 
supported  and  weaned  with  a  body  weight  of  about  80  gm.  by  hypophysee¬ 
tomized  mothers  injected  only  with  MH  and  cortisol.  In  these  experiments 
tlie  weight  increment  in  the  young  was  counterbalanced  by  a  decrement 
in  tlie  mother.  Possibly  this  loss  might  not  be  tolerated  for  much  longer 
than  the  three-week  maximum  followed  in  a  few  of  these  experiments; 
ai  (1  a  ti.'^.'^ue-restoring  hormone  such  as  STH  might  indeed  be  important 
f<  r  long  .sustained  lactations. 

In  searching  for  explanations  for  STH  not  bettering  the  milk  production 
appreciably — if  at  all  one  meets  the  po.ssiblity  that  some  tissues  in  a  rat 
deprived  of  its  pituitary  for  two  weeks  develop  a  greater  need  for,  and 
have  a  higher  priority  for  STH  than  has  the  mammary  gland.  In  one 

Tlirougli  tlu‘  courti'.sy  of  Dr.  Kdward  S.  Evans  of  tlie  Dcpartinont  of  Anatomy, 
I'nivorsity  of  (’alifornia. 
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experiment  in  whieh  the  liigh  dose  of  4  mg.  of  STH  per  day  was  added  to 
the  MH  and  eortisol,  the  mothers  showed  an  average  daily  body  weight 
gain  of  4  gm.,  Init  the  milk  production  decreased. 

In  Cowie’s  (5)  experiments  on  substitution  therapy  in  rats  hypophy- 
seetomized  on  the  4th  day  of  lactation,  none  of  his  combinations  of  hor¬ 
mones  (even  MH,  STH,  ACTH,  thyroxin  plus  oxytocin)  maintained  milk 
production  at  more  than  50%  of  normal.  His  best  results  were  obtained  in 
two  rats  that  received  MH  and  ACTH.  These  were  consistent  with  our 
findings  in  rats  injected  with  MH  and  cortisol.  He  noted  some  maintenance 
of  lactation  with  prolactin  alone  (a  commercial  preparation  containing 
20^25  i.u.  per  mg.  and  less  than  0.5%  ACTH). 

.\n  unknown  factor  in  Cowie’s  experiments,  and  in  ours,  was  the  oxyto¬ 
cin  title.  His  experiments  were  performed  immediately  after  interruption 
of  the  oxytocin  pathways  and  he  injected  this  hormone  two-three  times 
daily  in  0.5-0. 7  i.u.  doses.  This  was  necessary  becau.se  of  a  temporary 
deficiency  but  not  a  complete  ab.sence  of  a  .supply  of  endogenous  ocytocin 
(22),  (2.4),  (24).  It  is  noteworthy  that  previously  Benson  and  Cowie  (24) 
had  reported  that  posterior-lobectomized  rats  given  0.75  i.u.  of  oxytocin 
two  or  three  times  daily  did  not  show  better  than  50%  of  normal  milk  pro¬ 
duction.  In  their  case  it  could  not  be  assumed  that  the  anterior  lobe  was 
functioning  normally;  and  in  ours,  it  probably  should  be  a.ssumed  that  the 
mechanism  for  the  release  of  oxytocin  in  such  a  way  as  to  ensure  normal 
rhythmic  movements  in  the  milk  conduction  system  was  defective.  This 
need  not  imply  that  the  correction  of  such  a  defect  would  suffice  to  cor¬ 
rect  our  50%  milk  output  deficiency.  For  that  it  seems  more  likely  that 
multiple  small  corrections  and  substitutions  will  have  to  be  made  par¬ 
ticularly  in  the  way  of  carefully  balanced  amounts  of  the  so-called  meta¬ 
bolic  hormones  such  as  thyroxin,  cortisone,  aldosterone,  in.sulin,  STH,  etc. 

Since  lactation  is  a  most  complex  phenomenon  involving  and  often 
nece.ssitating  the  actions  of  many  substances,  such  as  hormones,  vitamins 
and  enzymes,  it  follows  that  animals  will  exhibit  degrees  of  lactation  re¬ 
flecting  the  adequacy  of  each  important  factor.  It  is,  therefore,  difficult 
to  set  up  a  standard  of  milk  .secretion  and  delivery  to  be  known  as  “basic 
lactation.”  Average  norms  for  intact  rats  fed  a  suppo.sedly  complete  diet 
have  been  established.  Perhaps  only  these  should  be  considered  basic,  and 
anything  less,  .subnormal.  In  that  event,  it  can  ordy  be  claimed  that  the 
experiments  described  here  have  indicated  a  very  simple,  abbreviated 
formula  of  two  hormones  (MH  and  cortisol)  that  restores  50%  of  a  total 
lactational  deficit  in  rats  deprived  of  their  pituitaries. 
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THE  LOCALIZATION  OF  P*»-LABELED  TRIIODOTHY¬ 
RONINE  AND  THYROXINE  IN  THE  PITUITARY 
AND  BRAIN  OF  THE  MALE  GUINEA  PICP 

DONALD  H.  FORD  AND  JACK  GROSS 

ABSTRACT 

The  brains  and  pituitarics  of  ffninea  jiigs  injeeted  with  I'^'-labeled  triiodo¬ 
thyronine  showed  an  aetive  eoneentration  of  radioaetive  material  identifiable  as 
triiodothyronine.  In  the  brain  the  labeled  hormone  was  found  by  autoradio- 
grai)hie  proeedures  to  be  primarily  in  the  nuelear  areas,  with  the  greatest  ae- 
eumulations  oeeurring  in  the  neurosecretory  regions.  The  anterior  i)ituitary 
lobe  was  consistently  more  active  in  concentrating  the  injected  material  than 
was  the  posterior  lobe. 

When  I'^'-labeled  thyroxine  was  injected,  the  brain  and  both  pituitary 
lobes  were  able  to  concentrate  only  very  small  amounts  of  the  labeled  hormone, 
the  anterior  lobe  aj)pearing  to  concentrate  the  hormone  as  readily  as  the 
l)osterior  lobe. 

IT  HAS  been  shown  in  recent  studies  of  the  rabbit  (I,  2)  that  tri¬ 
iodothyronine,  as  well  as  thyroxine,  concentrates  in  tlie  posterior 
pituitary.  In  addition,  the  adenohypophysis  and  the  gray  matter  of  nervous 
tis.sue  were  also  observed  to  be  capable  of  concentrating  the  labeled  thy¬ 
roid  Iiormone,  but  to  a  le.s.ser  degree.  The  adenohypophysis  was  far  more 
active  than  the  nervous  tissue  in  this  respect.  The  neural  gray  matter 
concentrated  the  radioactive  material  about  twice  as  effectively  as  did 
the  white  matter.  The  region  of  the  hypothalamus  was  observed  to  take 
up  more  of  the  thyroidal  hormone  than  did  other  neural  areas.  The  median 
eminence  and  paraventricular  region  showed  quite  striking  autoradio¬ 
graphic  localizations  which  were  of  the  same  order  of  intensity  as  those 
observed  autoradiographically  in  the  posterior  pituitary. 

Although  the  uptake  of  labeled  thyroxine  by  the  pituitary  and  brain 
has  been  .studied  in  species  other  than  the  rabbit,  information  relative  to 
the  uptake  of  triiodothyronine  is  lacking.  Therefore,  the  uptake  of  tri¬ 
iodothyronine  by  neural  and  pituitary  tissue  in  various  other  species  has 
been  studied.  The  pre.sent  report  describes  our  results  of  the  uptake  of 
triiodothyronine  by  neural  and  pituitary  tis.sue  in  the  guinea  pig. 

MATERIALS  AND  METHODS 

The  I'^'-labeled  triiodothyronine  used  in  these  exiicriments  was  obtained  from  the 
Oak  Ridge  laboratory  of  the  Abbott  Corporation,  in  a  .50%  ijiopylene  glycol  solution. 

Received  March  21,  195.S. 
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'I'hc  niatfiial  wag  (•heck(*d  for  purity  chromatographically  and  found  to  contain  at  least 
N2%  triiodothyronine.  Dilutions  with  normal  saline  were  prepared  in  siliconized  glass¬ 
ware  to  enable  us  to  inject  the  proper  dose  intravenously  into  each  animal  in  a  volume 
of  from  0.5  to  1.0  ml. 

-Male  guinea  i)igs  which  weighed  from  000  to  SOO  gm.  were  used.  In  the  first  group, 
consisting  of  20  animals,  the  total  radioactivity  in  various  parts  of  the  formalin-fi.xed 
l)rain  and  |)ituitary  was  determined  by  counting  with  a  scintillation  counter.  From 
these  data,  the  j)er  cent  of  th(*  dost*  of  injected  triiodothyronine  present  in  each  tissue 
and  the  organ  plasma  ratios  were  determimal.  The  animals  within  this  first  group  were 
subdivided  so  that  two  animals  were  saciificc'd  \  hour  after  the  injection  of  the  radioac¬ 
tive  hormone,  while  the  remaining  animals  were  split  equally  into  six  groups.  These 
groups  were  sacrificed  1,  2.  3,  4  or  7  hours  after  the  intravenous  hormone  injection. 
The  dosage  used  was  0.5  pg.  of  triiodothyronine  kg.  (15.2  /ac./kg.;  range  3.1-2<S.3  m-. 
The  great  variation  in  /ic.  do.sage  is  due  to  the  differences  in  specific  activity  between 
various  shipments  of  triiodothyronine  received  from  Oak  Ridge). 

In  the  second  grouj)  of  experiments  two  animals  were  injected  with  5.0  /ig.  of  triiodo- 


Fkj.  1.  rill-  concent  ration  of  I*'"  iti  the  jjituitary  lobes  and  plasma  of  guinea  i)igs 
receiving  an  0.5  /ig.  kg.  dose  of  l'®'-labeh*d  triiodothyronine  intravenously.  The  indi¬ 
vidual  points  on  the  curves  represent  the  mean  values  obtained  from  3  animals,  except 
for  the  first  \  hour  time,  when  only  2  animals  were  studied. 
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tliyroiiiiu*  jM'r  kg.  (100  and  114  kg.  rnspnctivoly),  and  sacrifica'd  IJ  and  2  hours 
later.  The  i)lasnia  and  homogenized  fn'sh  tissues  were  studied  ehromatographieally.  In 
the  third  animal  a  dose  of  IS.O/ag-  kg.  (I  me.  kg.)  was  administered  in  4  aliquots  over  a 
45  minute  p('riod  and  the  guinea  pig  was  killed  two  hours  after  the  last  injeetion. 

In  the  last  group  the  autoradiographie  localization  of  1 '■■"-labeled  triiodothyronine 
and  thyroxine  was  determined.  One  animal  was  injected  with  iodide  (I'"),  three  with 
thyi'oxim*.  five  animals  received  triiodothyronine  and  one  animal  was  an  uninjeeti'd 
control.  Those  tnaited  with  triiodothyi'onine,  thyroxine  or  iodide  received  a  dose  of  1 
me./  kg.  Th(“  hormone  levels  were  from  38  to  43  /ig.,  kg.  f(»r  thyroxine  and  from  22  to  53 
#ig.  kg.  for  triiodothyronine.  The  manner  of  injeetion  was  the  same  as  for  the  animals 
which  r<‘eeiv(‘d  the  IS/ig.  kg.  dose  in  the  ehromatographie  series. 

Other  specific  details  of  the  irroeedures  used  in  these  three  tyi)es  of  experiments  have 
been  previously  described  (2,  3). 


RESULTS 

The  coticent ration  of  in  tlie  guinea  pig  plasma  dropped  sliarply  within 
the  first  i  to  |  hour  after  injeetion  and  a  slower  rate  of  fall  was  oh.served 
during  the  remaining  .six  and  a  half  hours  of  ob.servation  (Fig.  1).  Chroma¬ 
tographic  analy.sis  of  the  plasma  indieates  that  as  the  total  plasma  radio- 
aetivity  fell  the  radioactivity  attributable  to  the  triiodothyronine  de¬ 
creased  while  the  free  iodide  component  increased  (Table  1). 
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TRIIODOTUYROMXK  I’RKSF^NT  IN  TIIK  I>IT(  ITARY,  BRAIN  AND  FI.ASMA 
OF  TIIK  OFINKA  CIO  AFTER  THE  IXTRA VENOFS  I X.l ECTION  OF 
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The  figures  represent  the  meiiii  viibies  from  2  animals. 
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Fig.  2.  An  exact  copy  of  scans  of  a  radiochioinatoKiani  of  the  lirain  and  jiituitary 
lohes  of  Kiiinca  pin-s  (O.F.)  injcct<“<l  with  either  I*^'-Iahele<l  thyroxine  (l^)  or  triiodo- 
thyronine  (T3).  (Juinea  pig  4.3  received  3.S  fxg.  of  thyroxine/kn.  while  Kuiupa  piR  44  re¬ 
ceived  of  triiodothyronine  kn-  (Tlie  dose  in  millieiiries  is  1  me.  kg.)  OR=()rigin; 

FR  =  h'ront;  I  =  Iodide. 

As  the  concentration  of  radioactivity  fell  there  was  an  increa.se  in  the 
total  radioactivity  in  the  anterior  and  posterior  pituitary  lohes,  which  was 
highest  in  the  adenohypophysis.  The  time  of  peak  concentration  was  be¬ 
tween  1  and  2  hours  for  both  lobes  (T'ig;.  1).  The  material  responsible  for 
the  radioactivity  in  the  pituitary  lobes  was  predominantly  triiodothyronine 
(Fig;.  2,  (l.P.  44  and  Table  1).  The  higher  uptake  by  the  anterior  pituitary 
was  consistently  seen  and  is  contrary  to  data  reported  for  the  rabbit  (1,  2), 
where  the  posterior  pituitary  lobe  concentrated  more  of  the  radioactive 
triiodothyronine.  It  may  be  noted  in  Table  1  that  there  was  a  slight  in¬ 
crease  in  the  radioactivity  due  to  triiodothyronine  in  these  tissues  between 
DO  and  120  minutes. 
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Fig.  3.  The  coiieentratioii  of  1'^'  in  the  brain  stem,  dieneeplialon,  emi'liruin  and  plasma 
of  guinea  j)igs  after  an  intravenous  injeetion  of  0..5  /ng.,  kg.  of  I'^'-laheled  triiodothy¬ 
ronine.  The  individual  jioints  for  the  neural  tissues  reiirestmt  the  mean  values  from  It 
animals. 

Tlie  (*oii(*eiit  rat  ions  of  radioactivity  in  tlie  various  parts  of  the  guinea 
pig  brain  following  injection  of  labeled  triiodothyronine  are  shown  in 
Figure  A.  All  the  tissues  studied  showed  a  sharply  rising  uptake  of  activity 
during  the  first  hour,  followed  by  a  plateau  for  at  least  (i  hours.  Thus,  while 
the  uptake  of  I*'**  in  the  brain  was  not  high,  it  maintained  a  positive 
gradient  in  comparison  with  the  plasma  levels.  The  only  exception  was  the 
cerebral  hemisphere,  where  the  level  of  activity  fell  below  the  plasma  level 
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seven  hours  after  the  injection.  The  brain  radioactivity  was  due  to  the 
presence  of  tlie  injected  hormone  (Table  1  and  Fig.  2;  G.P.  44).  The  per- 
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centiifio  of  the  activity  attiil)Utal)lc  to  triiodothyronine  increased  with 
time  in  the  neural  tissues,  despite  falling  levels  of  plasma  triiodothyronine 
(Table  1).  Additional  evidence  for  an  uptake  of  the  thyroid  hormone  by 
the  nervous  tissue  may  be  seen  in  Figure  4  where  the  organ  plasma  ratios 
are  plotted  against  time.  Of  the  areas  studied,  the  mammillary  region  and 
the  median  eminence  appeared  to  retain  the  radioactive  hormone  the  most 
readily. 

Autoradiographs  of  sections  of  brain  from  iodide-injected  or  non-injected 
animals  are  not  shown  since  the  results  were  completely  negative.  The 
autoradiographic  series  of  the  brajns  from  two  well-perfused  animals  shown 
in  Figures  5,  (}  and  7  is  illu.strative  of  the  results  obtained  from  the  other 
animals  studied  by  this  method.  In  these  figures  a  comparison  is  made  be¬ 
tween  the  site  and  degree  of  localization  of  labelled  triiodothyronine  and 
thyroxine.  There  is  little  doubt  but  that  more  triiodothyronine  was  taken 
up  by  the  brain  and  pituitary  than  was  an  equal  dose  of  thyroxine.  Com¬ 
parable  results  were  obtained  from  counting  data  in  which  the  uptake 
of  either  triiodothyronine  or  thyroxine  in  the  rabbit  was  compared  (2). 
Furthermore,  the  predominance  of  nuclear  concentration  of  radioactive 
material  was  clearer  after  triiodothyronine,  probably  owing  to  the  greater 
concentration.  The  chiasmic  diencephalon  (Fig.  7)  showed  a  particularly 
strong  concentration  in  the  .supraoptico-paraventricular  region  in  the 
triiodothyronine-treated  animal.  The  region  of  the  median  eminence  of  the 
thyroxine-treated  animal  was  the  only  area  in  which  any  appreciable  auto¬ 
radiographic  reaction  occurred.  However,  this  concentration  too  was  lower 
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Anterior  pituitary  lobe 
C'audate  nueleus 
Dorsal  horn  of  spinal  eord 
Dorsal  spinoecuehellar  tract 
dray  matter 
Internal  capsule 
Inferior  olivary  nueleus 
•Median  eminence 
•Medial  lemniscus 
Nueleus  euneatus 
Optic  ehiasma 
Optic  tract 

Posterior  jiituitary  lobe* 

Pyramid 

.Sujnaoptie-para ventricular  nueleai'  area 

Spinal  tract  of  the  trigeminal  nerve 

Stalk  of  the  pituitary 

Ve.stibular  nuclear  area 

V^entral  horn  of  spinal  cord 

White  matter 

Hypoglossal  nucleus 
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TRIIODOTHYRONINE  iTHYROXINE 


SPINAL  CORD 


CLOSED  MEDULLA 


OPEN  MEDULLA 


Fig.  o.  .Vutoriidiographic  comparison  of  the  localization  of  P®'  in  the  spinal  cord 
closed  and  open  medulla  of  animals  injected  with  either  l*’'-labeled  thyroxine  or  tri¬ 
iodothyronine.  The  dosages  were  1.0  me. /kg. 

tliaii  that  observed  in  many  of  the  other  nuclear  area.s  of  the  triiodothy¬ 
ronine-treated  animal  (Fig.  7).  The  only  other  distinct  accumulations  of 
radioactivity  in  the  thyroxine-treated  animal  appeared  to  be  in  the  region 
of  the  inferior  olive  and  the  hypoglossal  nucleus.  Generally  speaking,  the 
localization  in  the  thyroxine-treated  animal  was  weak  and  according  to 
nuclear  groups. 

While  the  degree  of  concentration  of  triiodothyronine  in  the  anterior 
pituitary  lobe  was  greater  than  in  the  posterior  lobe  (Fig.  7),  it  is  of  in- 
tere.st  to  note  that  thyroxine  was  concentrated  almost  equally  in  both 
pituitary  lobes  of  the  guinea  pig,  the  anterior  lobe  appearing  perhaps 
slightly  more  reactive  than  the  posterior  lobe  in  this  respect.  Thus,  not 
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TRIIODOTHYRONINE  THYROXINE 


PONS -CEREBELLUM 


SUPERIOR  COLLICULUS 


INFERIOR  COLLICULUS 


;r,  ,r^  MAMMILLARY 

SUPERIOR  diencephalon 


P’lG.  6.  AutoiiulioKiaphic  comjjari.son  of  the  localization  of  in  the  pons,  eerehelluni, 
inferior  eollieulus,  superior  colliculus  and  mammillary  bodies  of  animals  injected  with 
either  I '-’'-labeled  thyroxine  or  triiodothyronine.  The  dosages  were  1.0  me.,  kg. 

only  is  the  site  of  maximal  triiodothyronine  concentration  in  the  pituitary 
lobes  reversed  from  that  seen  in  the  rabbit,  but  the  anterior  lobe  shows 
itself  capable  of  concentrating  thyroxine  as  well.  As  indicated  in  Figure  2, 


CEREBRUM 


PITUITARY 


Fig.  7.  Autoradiographic  comparison  of  the  localization  of  in  the  tuheral  dien- 
cephalon,  chiasmic  diencephalon,  cerebrum  and  pituitary  of  animals  injected  witli 
either  l*’'-labelled  thyroxine  or  triiodothyronine.  The  dosages  were  1.0  me. /kg. 

the  radioactivity  respon.sible  for  these  autoradiographic  pictures  was  pre¬ 
dominantly  due  to  the  presence  of  the  injected  labeled  hormone.  The 
autoradiographic  studies  also  showed  that  the  pars  intermedia  was  only 
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capable  of  concentrating  very  small  quantities  of  labeled  triiodothyronine 
(I'iK-  7). 

DISCUSSION 

The  evidence  presented  shows  clearly  that  an  intravenous  injection  of 
l‘**-labeled  triiodothyronine  is  concentrated  in  the  brain  and  pituitary 
lobes  of  the  guinea  pig.  The  radioactivity  localized  in  these  structures  was 
found,  by  chromatographic  analysis,  to  be  primarily  triiodothyronine. 

ICarlier  studies  (4)  have  indicated  that  the  region  of  the  CXS  in  which 
the  most  iodide  could  be  found  w«s  the  hypothalamus  and  midbrain.  The 
present  study,  utilizing  radioisotopic  methods,  demonstrates  conclusively 
the  hypothalamic  concentration  of  iodide,  after  triiodothyronine  injection 
which  chromatographic  analysis  has  shown  to  be  primarily  in  the  form  of 
the  injected  labeled  hormone  (Fig.  2).  This  concentration  of  radioactivity 
was  much  less  marked  after  an  injection  of  thyroxine.  Furthermore,  the 
sites  of  maximal  localization  are  primarily  within  the  neurosecretory 
structures  and  secondarily  the  mammillary  body  (F'ig.  4,  0  and  7)  after 
triiodothyronine  injection.  Other  nuclear  areas  also  show  a  marked  con¬ 
centration.  In  addition,  it  is  clear  that  the  brain  takes  up  more  of  the 
triiodinated  form  of  the  thyroid  hormone  than  it  does  of  the  tetraiodinated 
form  (Figs,  o,  (i  and  7)  within  the  two  hour  period  in  which  peak  concen¬ 
tration  occurs. 

While  its  significance  still  remains  to  be  ascertained,  the  concentration 
of  labeled  hormone  (triiodothyronine)  in  the  supraoptic-paraventricular 
neurosecretory  areas  in  both  the  guinea  pig  and  the  rabbit  is  most  in¬ 
teresting  (Figs.  7  and  4  [2]).  This  rather  specific  localization  suggests  that 
the  hypothalamic  concentrations  of  thyroid  hormone  {o,  0,  7,  S)  may  play 
some  role  in  the  normal  functions  of  these  nuclei  rather  than  representing  a 
concentration  due  to  a  hypothalamic  filtering  action  which  might  aid  it  in 
cont rolling  the  rate  at  which  the  thyroid  hormones  reach  the  adenohy¬ 
pophysis  (9).  The  observation  that  the  anterior  pituitary  is  able  to  concen¬ 
trate  the  labeled  hormone  also  makes  such  a  filtering  mechanism  for  the 
hypothalamus  seem  unlikely.  Furthermore,  hypothyroidism  has  been 
shown  to  stimulate  neurosecretory  function  (10),  while  thyroxine  in¬ 
hibited  it,  again  suggesting  that  the  hypothalamic  concentration  of  thy¬ 
roid  hormone  may  not  be  due  to  its  ability  to  act  as  a  filter  between  the 
blood  borne  hormone  and  the  adenohypophysis.  Von  Euler  postulated  (11) 
that  any  neural  control  mediated  by  the  hypothalamus  on  the  function  of 
the  adenohypophysis  might  be  through  the  neurosecretory  hormones, 
whose  release  or  retention  might  perhaps  in  this  instance  be  dependent 
upon  the  level  of  thyroid  hormone  in  the  blood  reaching  the  neurosecretory 
centers.  He  inferred  that  these  hormones  might  act  upon  the  trophic  cells 
of  the  adenohypophysis  in  such  a  way  that  their  ability  to  elaborate  their 
respective  pituitary  hormones  would  be  enhanced,  although  it  was  still 
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presumed  that  tlieir  secretory  activation  depends  upon  the  concentration 
of  the  circulating  peripheral  hormones  which  reaches  them.  Thus,  the 
rather  marked  concentration  of  radioactivity  seen  in  the  region  of  the 
neurosecretory  center  may  be  related  to  some  form  of  hypothalamic  con¬ 
trol  over  anterior  pituitary  function;  acting,  not  as  a  filter,  but  as  a 
mechanism  which  can  facilitate  the  output  of  TSH. 

A  comparison  of  the  guinea  pig  brain  with  the  rabbit  brain  (2)  shows 
that  the  per  cent  of  concentration  of  the  injected  dose  in  the  guinea  pig 
was  greater  than  that  observed  in  the  rabbit,  as  were  the  organ  plasma 
ratios.  The  difference  in  the  peak  organ  plasma  ratio  of  0.6  in  the  rabbit 
(2)  and  l.o  in  the  guinea  pig  (Figs.  .3  and  4)  suggests  that  the  rate  of 
utilization  or  metabolic  degradation  of  triiodothyronine  may  be  slower  in 
the  guinea  pig  than  in  the  rabbit.  This  concurs  with  the  prevalent  view 
that  the  guinea  pig  exi.sts  in  what  might  be  termed  a  hypothyroid  state. 

Analysis  of  the  pituitary  lobes  shows  that  the  anterior  pituitary  is  more 
active  in  concentrating  the  injected  radioactive  hormone  than  is  the  pos¬ 
terior  lobe  (Figs.  1  and  7).  In  this,  the  guinea  pig  differs  from  the  rabbit, 
where  the  posterior  lobe  is  the  more  reactive.  In  addition,  the  region  of 
the  stalk  actively  concentrated  both  triiodothyronine  and  thyroxine,  white 
the  pars  intermedia  appears  to  concentrate  very  little  of  either  of  the  two 
thyroid  hormones.  Furthermore,  the  guinea  pig  adenohypophysis  was 
shown  by  autoradiography  to  concentrate  thyroxine  as  well  as  triiodo¬ 
thyronine  (Fig.  7).  However,  it  should  be  pointed  out  that  a  part  of  thi.s 
autoradiographic  respon.se  may  have  been  due  to  the  formation  of  tri¬ 
iodothyronine  within  the  anterior  pituitary  lobe  (Fig.  2).  An  explanation 
of  this  triiodothyronine  formation  has  been  previously  discu.ssed  for  the 
rabbit  (2)  and  the  guinea  pig  (3). 
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THE  EFFECTS  OF  SEVERAL  STEROIDS  ON  FECTTNDITY 
IN  FEMALE  RATS 
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Divittion  of  Biological  Research,  G.  I).  Searle  d’  Co.,  Chicago,  Illinois 
ABSTRACT 

F(*mal(‘  rats  wt'iv  treated  with  steroids  daily  from  5  days  before  to  30  days 
aft(‘r  i)laein{i;  with  males.  At  the  higher  dose  levels  no  j)regnaneies  wene  ohsc'i  ved 
during  the  treatment  iieriod.  On  a  weight  basis,  estrone  and  Vallestril  wme  the 
most  potent;  norethynodrel  and  testosterone  propionate  were  somewhat  less 
aetiv('.  Progesterone  was  least  (‘ffeetive  of  the  eompounds  studic'd.  Xilevar, 
whieh  has  both  anabolie  and  j)rog('stational  aetivities,  was  nearly  as  effective 
as  testosterone  propionate  in  ])reventing  pregnancy.  17a-(l-methallyl)-  and 
17a-(2-methallyl)-19-nort**stosterone,  both  of  whieh  an'  potent  ])rogestins  in  tin* 
C'lauberg  assay,  were  also  more  effective  than  progestmone  in  preventing  i)r(‘g- 
nancy  in  rats. 

ALTHOUCiH  much  has  been  written  on  the  roles  of  the  sex  steroids 
L  in  initiation  and  maintenance  of  pregnancy,  their  actions  in  in¬ 
hibiting  fecundity  are  less  well  defined.  Selye  et  al.  (1)  reported  tliat  treat¬ 
ment  of  normal  female  rats  with  4  mg.  of  progesterone  daily  resulted  in 
ovarian  atrophy  and  pituitary  hypertrophy.  Within  2  days  after  treat¬ 
ment  started,  estrous  cycles  ceased  and  the  animals  remained  in  diestrus. 
Lahr  and  Riddle  (2)  studied  the  problem  further  and  found  that  0.0.4  mg. 
did  not  alter  the  estrous  cycle  but  0.4  mg.  slightly  prolonged  the  diestrous 
phase.  Phillips  (4),  however,  found  the  critical  dose  to  be  l.o  mg.,  lower 
doses  being  ineffective.  In  at  least  one  case  he  observed  an  estrous  smear 
on  the  day  after  an  injection  of  4  mg.  On  the  other  hand,  Everett  (4)  has 
shown  that  in  the  constant-estrous  rat,  progesterone  induces  ovulation  and 
corpus Juteum  development.  It  is  also  well  established  that  estrogens 
cause  an  inhibition  of  pituitary  gonadotropin  secretion  and  resultant 
ovarian  atrophy  (o).  Pretreatment  with  estrogens  results  in  decreased 
breeding  efficiency  in  rats  ((})  while  treatment  after  ovulation  prevents 
nidation  and  interrupts  pregnancy  in  guinea  pigs  (7),  cats  (8),  and  rabbits 
(9).  The  effects  of  androgens  have  been  reviewed  by  Dorfman  and  Shipley 
(10). 

The  present  investigation  was  designed  to  compare  the  effects  of  some 
of  the  common  steroid  hormones  with  those  of  some  of  the  newer  synthetic 
steroids  which  show  .separation  or  combinations  of  hormonal  activities. 

MATERIALS  AND  METHODS 

•Vdult  female  rats,  about  .3  mouths  of  age,  were  treat(‘(l  claily  for  3.5  days,  with  sub¬ 
cutaneous  injections  of  various  steroids  in  oil.  On  and  after  the  day  of  the  .5th  injection. 
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TaBI.E  1.  KkKECT  ok  VARIOI  S  STEROIDS  OX  KERTII.E  MATIXOS.  PERIOD  IX  WHICH 
FIRST  KERTII.E  MATIXC.  OCCCRRED  IX  FEMALE  RATS  TREATED  DAILY  FOR 
5  DAYS  BEFORE  AXD  30  DAYS  AFTER  I’LACIXC.  WITH  MALES 


Conijiound 

Daily 
dose, 
mg. /kg. 

No.  of 
rats 

First  fertile  matings 

\ot 

fertile 

% 

During 

treat¬ 

ment 

% 

Days  after  treatmiuit 

1-30  31  GO  G1  150 

%  %  % 

Oil 

IfH) 

01 

0 

— 

— 

ICstroiu' 
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10 

GO 

20 

10 

10 

_ 

0.01 

7 

0 

71 

0 

20 

— 

0.02 

10 

0 

00 

10 

— 

o.or> 

10 

0 

80 

10 

10 

0.1 

17 

0 

35 

G 

12 

17 

'I'cstostcroiic 

0.1 

0 

78 

22 

propioiKitc 

0.2 

10 

10 

8(1 

10 

— 

0.5 

0 

0 

(>7 

22 

1  1 

1  .0 

8 

0 

G3 

.37 

— 

Protest  (Tone 

0.2 

10 

70 

30 

— . 
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_ 
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10 

GO 

40 

—  - 

2.0 

10 

20 

70 

10 
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10 

0 

0 

40 

10 

20 

X’allestril 
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10 

30 

40 

30 

_ 

0.01 

8 

0 

100 

— 

— 

0.02 

0 

5G 

44 

— 

0.05 

4 

0 

50 

25 

20 

— 

0.1 

0 

0 

33 

44 

— 

22 

Xorothynodrol 
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10 

80 

20 

_ _ 
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10 

0 

00 

— 
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10 

0.5 

20 

0 
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— 

— 

5.0 

10 

0 

0 

30 

20 

.50 

Nilevar 

0.(M)5 

10 

70 

30 
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20 

50 

45 

5 

— 

— 

0.2 

10 

42 

37 

1 1 

— 

— 

1  .0 

10 

0 

80 

10 

10 

5.0 

8 

0 

50 

25 

i:i 

12 

1  .0 

10 

GO 

30 

10 

_ 

_ 

5.0 

11 

G4 

3G 

— 

— 

— 

S('-()583 
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10 

0 

70 

20 

10 

— 
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0.1 

10 
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_ 

_ 

_ 

_ 

0.2 

20 

05 

5 

— 

_ 
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20 

70 

10 

5 

lo 

— 
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8 

25 

G3 

12 

— 
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5 

0 

80 

— 

20 

— 
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GO 
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— 

— 
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1 1 

80 

—  - 

_ 

— 
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0 
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80 

— 
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— 
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(■aoh  2  fornah's  woro  housod  with  a  normal,  untrt'ated  male.  Tho  males  were  rotated  at 
weekly  intervals  and  eohabitation  was  maintained  for  6  months  or  until  the  females 
were  obviously  pregnant. 

Kstrone,  progesterone  and  testosterone  propionate  were  selected  as  representative 
steroid  hormones  since  these  serve  as  standards  in  this  laboratory.  ITa-ethyl-lO-norte.s- 
tosterone,  Xilevar,  was  selected  since  it  is  a  potent  anabolic  agent  with  minimal  andro¬ 
genic  effects  (11)  but  does  i)roduce  progestational  reactions  (12).  17a-ethynyl-17- 
hydroxy-5(10)-estren-3-one  (Xorethynodrel),  has  weak  estrogenic  activity  and  produces 
progestational  res|)ons(‘s  under  appropriate  conditions  (13).  3-(b-metho.\y-2-naphthyl) 
2,2-dimethylpentanoic  acid  (Vallestril),  is  purely  estrogenic,  but  shows  a  relative  separa¬ 
tion  of  vaginal  cornification  and  uterotropic  potencies  (14).  17a-(I-methallyl)-19- 
nortestosterone  (SC-8117),  and  1 7Q;-(2-inethallyl)-19-nortesto.sterone  (SC-9022),  are 
potent  i)rogestins  with  little  or  no  androgenic-anabolic  action  (12,  l.o).  17a-methyl-4,5- 
dihydro-19-nort(‘stosterone  (SC-t)583),  has  weak  progestational  and  anabolic  potencies. 

1 7a-methyl-estriol  3-methyl  ether  (SC-(j924),  is  a  weak  estrogen  but  has  markc'd  effects 
on  blood  lij)ids  (16).  Diethylaminoethyl  0-methyl-podocarpate  (SC-4.596),  was  inchuh'd 
since'  it  is  not  estrogenic  or  androge'uic,  nor  does  it  have  progestational  activity  in  the 
Clauberg  test,  but  it  does  i)r(‘vent  ovulation  in  estrous  rabbits  (17). 

RESULTS 

In  adequate  do.sage,  androgens,  estrogens  and  progestins  are  all  elTective 
in  preventing  the  normal  course  of  pregnancy  in  rats.  Table  1  shows  the 
period  in  which  the  first  fertile  mating  occurred  in  female  rats  treated  with 
various  steroids.  If  inhibition  of  fertile  matings  during  the  treatment 
period  is  taken  as  the  criterion  of  effectiveness,  the  relative  activity  of  .some 
of  the.se  .synthetic  steroids  can  be  compared  with  “standards”  in  several 
bioassays. 

In  Table  2  the  estrogenic  activities  of  some  of  the.se  are  compared.  For 


T.\BI.K  2.  C%).MI>.\RI.SO.\  OK  KSTROUEMC  ACTI VITIE.s. 
Relative  i'ote.ncie.s  i.\  varioi  s  assays 


('ompo\m(l 

Hut  vuj^inul 
smear 

Mouse  uterine 
weight  assay 

liihiWitioii  of 
pr<‘^5oane\’ 

KstroiH' 

100 

100 

100 

Vallestril 

100 

20 

100 

SC'-4642 

4 

7 

5 

SC'-6924 

0.8 

1  .6 

1 

these,  the  inhibition  of  fertile  matings  appears  to  correlate  (piite  well 
with  estrogenicity  as  measured  in  the  rat  vaginal-cornification  assay. 

Some  of  these  steroids  are  weak  androgens.  The.se  have  been  compared 
with  testo.sterone  propionate  in  Table  X.  The  pregnancy-inhibiting  effects 
of  Nilevar,  SC-().588  and  SC-8117  are  greater  than  would  be  expected  from 
their  androgenic  activity.  This  activity  might  better  correlate  with  the 
anabolic  potency.  However,  the.se  compounds  also  show  progestational 
activity  and  their  anti-fertility  potency  may  be  related  to  the  latter  ac¬ 
tivity. 

Progestational  potencies  by  both  intrauterine  and  .subcutaneous  assays 
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TaBI.E  3.  CoMPARISUX  OF  AXDROGEXIC,  ANABOLIC  AND  AXTI-FERTILITY  ACTIVITIES  IX  RATS. 

Relative  potencies  rx  variocs  assays 


Compound 

.\ndrogenic 

Anabolic 

Inhibition  of 

activity 

activity 

pregnancy 

Testosterone  propionate 

100 

100 

100 

Nilevar 

6 

100 

50 

.SC-6083 

10 

Itl-lOO 

>10 

SC-81 17 

1 

5 

20 

are  shown  in  Table  4. 

Xorethynodrel 

shows  a  much  greater  antifertility 

effect  than  would  be  expected  from  its  progestational 

action.  This  un- 

doubtedly  is  due  to  its 

estrogenicity  as  was  pointed  out  earlier.  SC-8117 

appears  slightly  le.ss  effective  as  an  anti-fertility  agent  than  might  have 
been  predicted  from  its  progestational  potency  in  the  rabbit,  and  the  same 

Table  4.  ('o.mi’arisox  of  i’ 

ROr.ESTEKONE-IJKE 

ACTIVITIES  A\l>  INHIBITION'  OF  FREONANCY. 

Relative  potencies  i 

N  VARIOCS  ASSAYS 

('oin  pound 

Intrauterine 

Clauberg 

Inhibition  of 

assay 

assay 

pregnancy 

I’rogpsteronp 

too 

100 

KK) 

Nilevar 

25 

.500 

.500 

Xorethvnodrel 

<5 

25 

1000 

SC-41»5i)* 

<5 

<5 

<40 

SC-()583 

<5 

10 

>40 

SC-SllT 

1000 

.500 

200 

SC-!t()22 

1000 

2500 

.500 

*  Active  as  progesterone  in  inhibition  ovulation  in  rabbit. 


is  true  for  SC-9022.  On  the  other  hand,  the  potency  of  SC-6088  correlates 
better  with  its  androgenic-anabolic  activity. 

DISCUSSION 

l^strogens  and  progestins  act  at  different  phases  of  the  cycle.  The  pro- 
gestins  and  androgens  appear  to  inhibit  estrus,  and  are  anti-estrogenic  in 
animals  treated  with  estrone  (18,  19).  On  the  other  hand,  estrogens  inhibit 
endometrial  development  and  prevent  nidation  in  some  species  (7,  8,  9). 
In  this  study  estrogens  have  proved  most  potent  as  inhibitors  of  pregnancy. 

The  long  period  of  treatment  used  here  was  arbitrarily  chosen  in  order 
to  provide  a  broader  base  for  the  study  of  the  recovery  phase.  At  minimal 
effective  do.ses,  recovery  of  fertility  was  quite  rapid  with  all  compounds 
except  progesterone. 

These  rats  were  pretreated  for  5  days  in  order  to  avoid  the  interference 
of  any  possible  gonadotropin  release  in  response  to  the  steroid  treatment. 
A  study  of  the  effects  of  a  single  injection  of  these  steroids  at  various  times 
of  the  cycle  is  the  .subject  of  a  future  communication. 

High  doses  of  estrogens  are  known  to  result  in  the  inhibition  of  pituitary 
gonadotropin  secretion  and  the  doses  that  prevented  pregnancy  in  the 
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present  study  were  hi}»;h.  Wertliessen,  ct  al.  (20)  studied  the  etTeets  of 
estroKen-prosesterone  eoinhinations  on  ral)l)it  hlastoeysts  and  found  that 
while  still)estrol  inhibited  }i;i'<>''th,  estradiol  at  low  dosafie  actually  stimu¬ 
lated  growth.  In  our  series,  at  the  hifsher  doses,  all  of  the  estrof^ens  in¬ 
hibited  pregnancy.  Whether  low  doses  would  stimulate  pituitary  gonado¬ 
tropin  secretion  could  not  be  determined  from  our  data,  since  pregnancy 
ensued  (piite  promptly  after  cohabitation  in  our  control  series. 
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ABSTRACT 

Female  rats  were  treated  with  a  single  injeetion  of  estrone,  progest(‘rone, 
norethynodrel  or  17o;-(2-methallyl)-19-nortestosterone  (SC-{K)22)  on  various 
days  from  late  diestrus  to  the  lOth  day  of  preKiianey.  All  animals  were  sacrificed 
on  the  loth  day  after  mating.  ProKcsterone  and  S('-9022  administered  in  late 
di(‘strus  or  j)roestrus  showed  an  anti-estrogenie  action  and  the  females  refused 
the  males.  Administered  after  mating,  these  eompounds  ha<l  no  effect.  Kstrone 
and  norethynodrel  administered  on  the  day  of  mating  or  before  nidation,  pre- 
vent{‘d  nidation  in  some  or  most  eases.  After  nidation,  norethynodrel  treatment 
did  not  interruid  pregnancy. 

IN  AN  earlier  paper  (1)  the  effect ivenests  of  various  .sex  hormones  inter¬ 
fering;  with  some  steps  in  the  .series  of  events  which  leads  to  the  produc¬ 
tion  of  offspring  was  reported.  The  pre.sent  study  was  undertaken  in  an 
attempt  to  determine  the  mode  of  action  of  these  diverse  compounds. 

MATERIAL  AND  METHODS 

The  stiMoids  used  were  estrone,  ])rogesterone,  norethynodrel  (1 7a-ethynyl-l  7-hydro.\y- 
,i(  l())-estren-3-one)  and  1 7a-(2-methallyl)-19-nortestosterone  (SC-9022). 

Daily  vaginal  smears  were  taken  from  ailult  female  rats.  .V  single  subcutaneous  injec¬ 
tion  of  the  several  steroids  in  oil  was  given  on  various  days  before  or  after  mating.  The 
animals  were  sacrificed  on  the  1.5th  day  after  mating.  The  number  and  the  size  of  the 
])lacenta(“  were  (h'termined. 


RESULTS 

In  the  early  phases  of  this  work  no  record  was  kept  when  the  female 
refused  the  male.  It  soon  became  evident,  however,  that  females  treated 
with  progesterone  or  SC-9022  in  late  diestrus  failed  to  progre.ss  into  full 
estrus  and  refused  to  accept  the  male.  Of  25  females  treated  with  5  mg. 
per  kg.  progesterone,  only  1  mated.  Of  25  females  .■similarly  treated  with 
0.5  mg.  SC-9022  per  kg.,  none  mated.  In  general  leucocytes  were  found  in 
the  vaginal  smears  of  these  animals  on  the  day  after  injection.  When  the 
rats  were  treated  with  progesterone  or  SC-9022  on  the  day  of  proestrus, 
many  failed  to  progress  into  full  estrus.  However,  .some  did  breed  and  these 
are  included  in  the  following  tables. 
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'I'aIU.K  1.  ICn'KCT  OK  TKKATMKNT  WITH  VAKlol  S  STEIIOIDS  ON  o\  I  LATION  IN  HATS 
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*  l):iy  on  which  female  rat  was  injeetiMl.  Day  0  is  the  day  of  proestnis. 


The  effects  of  treatment  on  implantation  are  shown  in  Taltles  1  ami  2. 
The  figures  in  these  tal)les  include  all  rats  with  placentae  whether  or  not 
these  placentae  contained  living  fetuses  at  the  time  of  necropsy.  However, 
included  in  Figure  1  are  only  those  placentae  that  contained  normal  ap- 
])earing  fetuses. 

In  most  cases  the  larger  placentae  were  associated  with  normal  appearing 
fetuses.  In  some  cases,  however,  small  resorhing  fetuses  were  found  while 
in  others  resorption  of  the  placenta  was  advanced  and  no  fetal  remnants 
were  evident.  Further  information  was  obtained  by  weighing  groups  of  10 
or  more  fetuses  from  several  groups.  In  most  groups,  the  average  fetal 
weight  was  175  to  1S5  mg.  In  two  groups,  less  than  10  fetuses  were  avail¬ 
able  for  study.  In  the  group  treated  with  estrone  on  day  1,  the  average 
weight  was  only  S7  mg.  for  7  and  on  day  2,  129  mg.  for  oidy  2  fetuses. 
There  was  some  impression  that  the  anterior  portions  of  these  smaller 


Table  2.  Effects 
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Day  on  which  female  rats  were  treated.  Day  1  is  the  day  sperm  were  foimd  in  the  vatrina. 
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Kig.  1.  Avcrafjc  productivity  (total  normal  fctusc's,  imml)cr  of  rats  hrcfl)  of  female 
rats  treated  with  a  siiifile  iiijeetioii  of  sex  steroids  on  the  day  shown.  Day  1  is  the  day 
sirerin  were  found  in  the  vagina.  All  rats  wcue  saeritiee<l  on  day  1")  after  hrec'diiiff.  The 
doses  used  were  as  follows:  estrone,  O.Oo  ms.  p(‘r  k^.;  i)roKesterone,  5  mj;.  per  k}?-;  nor- 
<‘thynodrel,  O.o  nifi.  per  k^;.;  S('-9022,  0.5  ms.  per  k^. 

fetu.ses  showed  less  eoniplete  development.  It  must  be  emphasized  tliat 
these  observations  were  on  very  limited  numbers  sinee  most  females  in 
these  groups  had  no  normally  developed  fetu.ses.  With  progesterone  treat¬ 
ment  on  day  0,  the  fetuses  tended  to  be  slightly  heavier,  193  mg.,  luit  tho.se 
injeeted  on  day  1  were  in  the  normal  range  (170  mg.).  In  the  norethynodrel- 
treated  group,  fetal  weights  were  reduced  only  in  the  groups  treated  on 
days  2  and  3  (112  and  t)3  mg.). 


DISCUSSION 

The  anti-estrogenie  ett'eets  of  progesterone  have  long  been  recognized. 
Similar  activity  has  al.so  been  reported  for  SC-9022  (2).  On  the  other  hand, 
while  norethynodrel  exhibits  progestational  activity,  it  is  also  estrogenic 
(3).  In  this  series  norethynodrel  did  not  interfere  with  acceptance  of  the 
male. 

According  to  Long  and  Lvans  (4),  in  the  rat  the  proestrous  stage  lasts 
12  hours  and  is  followed  by  12  hours  of  estrus,  during  which  the  female  ac¬ 
cepts  the  male.  Ovulation  occurs  toward  the  end  of  this  period  or  within 
20  hours  after  copulation.  While  it  is  possible  that  some  of  the  inhibitory 
effects  observed  with  estrone  injected  during  the  first  day  after  mating 
were  due  to  inhibition  of  ovulation  or  fertilization  (o),  other  explanations 
appear  more  likely.  Creenwald  (ti)  has  shown  that  treatment  of  rabbits 
with  estradiol  within  48  hrs.  post  cenlurn  reduced  the  mucin  layer  .surround¬ 
ing  the  egg  and  interruptt'd  pregnancy.  Such  effects  could  be  obtained  with 
small  doses  which  did  not  interfere  with  endometrial  development.  When 
treatment  was  initiated  later,  pregnancy  was  interrupted  only  by  larger 
doses  of  estradiol,  which  also  interfered  with  the  progestational  respon.se 
in  the  uterus. 
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(Iriffith  and  Farris  (7)  state  that  implantation  occurs  on  day  o  or  (5. 
Allen  (S)  showed  that  estrogens  interfere  with  the  endometrial  response  to 
progesterone  in  the  rabbit.  The  dose  used  in  our  study  was  moderately 
large  and  would  be  expected  to  inhibit  endometrial  development.  Whitney 
and  Burdick  ({))  showed  that  large  doses  of  estrone  will  lock  the  ova  in 
the  oviducts  if  injections  are  begun  not  later  than  the  second  day.  However 
the  doses  recpiired  were  so  large  that  this  mechanism  woidd  seem  to  be 
excluded  in  the  present  series. 

The  net  effects  of  the  various  treatments  on  fecundity  are  illustrated  in 
Figure  1.  This  depicts  the  average  number  of  apparently  normal  fetuses 
in  all  rats  that  mated.  Some  of  these  females  had  resorbing  placentae  in 
their  uteri  but  in  other  cases  no  evidence  of  implantation  was  found  at 
time  of  necropsy.  The  graph  does  not  depict  the  contraceptive  potencies 
of  progesterone  or  SC-t)()22  administered  in  late  diestrus  since  females  so 
treated  usually  refused  the  males.  Since  these  steroids  prevent  pregnancy 
in  rats  (1)  it  would  appeal’  that  they  act  primarily  by  iidiibiting  estrus. 
Over  the  longer  term  they  may  also  be  depressors  of  pituitary  gonadotropin 
secretion  and  this  point  is  currently  under  investigation.  From  these  data, 
none  of  the  compounds  studied  appear  to  act  as  iidiibitors  of  ovulation 
per  se  in  the  rat.  With  continued  administration  they  do  cause  gonadal 
atrophy  and  thus  follicles  fail  to  develop  but  this  cannot  account  for  the 
effect  of  a  single  injection  in  this  series.  The  well  established  effect  of  estro¬ 
gens  in  inhibiting  the  progestational  response  in  the  rabbit  (S,  10)  would 
appear  to  explain  the  anti-fertility  effects  observed  with  estrone  and 
norethynodrel  in  the  present  series.  Once  implantation  has  occurred,  this 
antiprogestational  effect  of  estrogens  is  less  important,  as  was  also  shown 
by  Courrier  and  (Iros  in  cats  (11).  In  this  study,  norethynodrel,  in  the 
dose  used,  prevented  nidation  in  .some  cases  but  did  not  interrupt  preg¬ 
nancy  after  nidation  had  occurred. 
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ABSTRACT 

Total  calcium  of  .scrum  was  increased  in  roosters  from  a  normal  value  of 
10  niK.  i)er  (a*nt  to  100  ms-  l>er  cent  or  higher  at  about  5  days  following  an  in¬ 
jection  of  125  mg.  of  (‘strogenic  substance  (Ayerst).  With  this  tenfold  increase' 
in  the  total  serum  calcium,  there  was  a  pari  passu  a|)j)earance  and  increase'  in 
conce'iitratieui  of  a  |)hosphoj)rote'in  complex,  femnel  normally  in  the'  serum  of  the' 
laying  hen,  but  ne>t  found,  under  usual  conditiems,  in  the  serum  eef  the  reeeeste'r. 

This  inclueh'd  two  sjee'cialize'd  preeteins,  Xi  (a  leheesjdieepredein)  and  X..  (a  i)he)s- 
|)he)lipid  lipe»])re)te'in).  (’hylomicreens  and  be'ta-li|)e)i)re)te'ins  were  incivase'd  and 
alpha  lipoproteins  we'ie  de'crease'el  in  concentration  at  the  same'  time.  When  the' 
total  e-alcium  was  e'h'vate'd  to  100  mg.  per  cent,  be'ta  lipoprote'ins  ai)j)e'are'el  to 
bind  approximate'ly  10  mg.  per  cent;  albumin  5  mg.  j)e'r  e'eiit;  and  Xi  and  X.- 
(chiefly  Xi)  79  mg.  i)e'r  cent.  Only  apjjroximate'ly  0  mg.  per  cent  eef  the  total 
serum  cale-ium  in  beetle  ceentred  anel  estroge'iiized  rooste'is  was  jere'sent  in  idtra- 
filte'rabh'  form.  Sine-e  the  ultrafilterable  fractieen  eef  the  serum  calcium  elid  not 
change  during  the  rapid  and  elramatic  rise  of  the  teetal  calcium,  it  follows  that 
the'  added  calcium  was  entirely  in  the  nondiffusible  fraction.  Moreover,  freem  the- 
e'videne'e  eef  the  ultrae'entrifuge',  the  major  jeortion  of  the  incre'ase  in  nem-filte'i- 
able  e'alcium  was  helel  in  an  unelisseeciate'el  com|)le'X  with  the  jehosphojerote'in. 
There  was  no  e'vieh'iice  feer  the  presence  eef  a  ceelleeidal  calcium  pheesjehate  ceem- 
jelex.  Cah'ulations  have'  be*e'n  made  of  the  capacity  eef  the  mixed  serum  jjiote'ins 
of  the  e'.strogenize'el  fowl  for  the  binding  e)f  calcium,  and  tlu'.se  proteins  were 
found  tee  have  a  much  gre'ate'r  capacity,  pe'r  unit  weight,  for  condeining  with 
calcium  than  any  other  protein,  inclueling  casein,  previously  studie'el.  On  the- 
other  haml,  when  the  elis.sociation  constant  eef  the  calcium-jmjtein  complex 
was  e-alcidate'd,  it  did  not  apjee'ar  to  be'  markedly  differe'iit  from  that  eef  othe'r 
jereeteins,  indicating  that  the  affinity  for  calcium  was  e'ssentially  the  same.  The 
lehospheepreete'in  fraction  was  elepeesite'd  in  the  granule's  of  e'gg  yolk,  in  the  laying 
hens  studie'd,  with  the  full  complement  of  calcium  with  which  it  was  asseeciated 
in  the  serum. 

Re'ceive'd  March  23,  195S. 
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Faster  Se'al  Founelation  for  Crijeide'd  C'hildren  and  .\dults.  It  was  supporte'd  in  part 
under  Contract  Xo.  .VT-()4-l-(lFX-12  betwe'en  the  .Vt.emic  Fnergy  Commission  and  the- 
Cniversity  of  California  at  Los  .\nge'les. 
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The  hypercalcemia  of  laying  hens  and  of  estrogen-treated  birds  of  both 
sexes  is  one  of  the  most  striking  alterations  in  the  mineral  metabolism 
of  vertebrate  animals.  With  the  aid  of  the  ultracentrifuge  it  was  recently 
observed  that  the  increase  in  the  level  of  serum  calcium  in  estrogenized 
roosters  depends  upon  the  appearance  in  plasma  of  a  highly  specialized 
phosphoprotein  complex  (1 ).  The.se  experiments  were  done  on  serum  diluted 
with  S.S%  salt  solution  to  remove  the  chylomicrons  and  beta  lipo¬ 
proteins  by  flotation,  and  to  resolve  the  albumin  and  the  denser  globulins. 
The  present  experiments  deal  with  the  mechanism  and  measurement  of 
calcium  binding  by  the  proteins  individually  and  as  a  mixture  in  .serum, 
and  the  circumstances  surrounding  the  deposition  of  these  specialized 
proteins  in  egg  yolk. 

M.\TERIALS  AND  METHODS 

Twenty-five  Hhiek  Minorea  roosters  wer»>  injc'eted  with  either  100  ins-  of  erystalliiu> 
estrone  (I'.S.P.)  or  125  ni};.  of  estrof^enie  suhstanees  (.Vyerst).  Ten  untreated  birds 
served  as  controls. 

Blood  fioin  two  oi'  three  birds  of  each  ^louj)  was  pooled  for  each  of  the  .studies  to  be 
describ(‘d  Ixdow  in  a  running  account  of  the  experiments.  Representative  fi^fures  for  the 
•composition  of  the  serum  of  treated  and  untreated  bii'ds  are  shown  in  Table  1 .  The 
chylomicron  fraction  of  the  serum  (containing  most  of  the  lipid  and  amountinR  to 


'I'aBI.K  1.  ('UKMIC.AI,  CO.Ml’OSITIO.X  OK  NORMAI,  A  M>  KSTROfiEMZKI)  ROOSTER 
SERV-M  5  DAYS  AKTER  IX.IE<'TIO.\  OF  EITHER  100  MO.  ESTRO.VE  (i  SC) 

OR  125  MO.  ESTROOE.Nie  SI  BSTA.M'ES  (ayERST) 


Compomuit*  1 

C 

A 

amtrol  rooster 

B 

t 

C 

l”istrogen-t  rented 
rooster 

Total  calcium,  mg.%  i 

10.00 

8.00  ; 

12.0 

07.00 

ritrafilterable  calcium 

0.00 

5.00 

0.2 

0.00 

Total  protein,  gm.% 

4.00 

8.00 

5.5 

7.40 

.\lbumin,  gm.% 

1  .00 

1  .00 

1  ()0 

0.00 

Globulin,  gm.% 

8.00 

2.00 

4 . 50 

0.80 

.\ /G  ratio 

0.83 

0.84 

0.20 

0.08 

Inorganic  phosphorus,  mg.% 

0.20 

20.00 

Total  phosphorus,  mg.% 

10.50 

180.00 

.Alkaline  phosjihatase,  mg.% 

11. .50 

7.10 

Phospholipid,  mg.% 

101 .00 

4,204.00 

'fotal  lipid,  mg.% 

710.00 

14,210.00 

Blood  sugar,  mg.% 

217.00 

107.00 

Citric  acid,  mg.% 

28.00 

8.00 

Inorganic  sulfate,  mg.% 

5 . 80 

1  .70 

*  The  mi'thods  u.sed  for  the  above  chemical  determinations  art'  as  follows;  ('alciiim: 
Clark,  K.  P.  and  .f.  H.  Collip;  J.  Biol.  Vhrm.  63:  401.  1025.  Total  protein:  Henry,  H.  .1.,  C. 
Sobel  and  S.  Berkman;  Anal.  Chem.  In  Press.  A!G  ratio:  Wolfson,  \V.  (J.,  C.  Cohn,  K. 
Calvary  and  F.  Ichiba;  Am.  J.  Clin.  Bath.  18:  728.  1048.  Inonjanic  P:  Fiske,  C.  H.  and 
Y.  Subbarow:  J.  Biol.  Chem.  66:  875.  1025.  Total  P:  Dryer,  H.  b.,  A.  R.  Tammes  and 
.1.  I.  Roiith;  J.  Biol.  Chem.  225:  177.  1057.  Aik.  phoaphatase:  Shinowara,  G.  Y.,  L.  M.  Jones 
and  H.  L.  Reinhart;  J.  Biol.  Chem.  142:  021.  i042.  Phospholipid:  Youngburg,  G.  K.  and 
M.  V.  YoungburK;  J.  Lab.  Clin.  Med.  16:  158.  1080.  Total  lipid-s:  Gertler,  M.  51.  and  B.  S. 
Oppenheimer:  Circniation.  7:  .588.  1058.  Glucose:  Folin,  ().  and  H.  Wii:  J .  Biol.  Chem.  41 :  807. 
1020.  Citric  acid:  Taussky,  H.  H.  and  K.  Shorr:  ./.  Biol.  ('hem.  169:  108.  1047.  Inoifianic 
snifale:  betonolT,  T.  V.  an<l  J.  G.  Reinhold;  ./.  Biol.  Chem.  114:  147.  1080. 

t  .V  =  theoretical  (thesi-  e.xact  figures  have  been  observed  in  one  roosti'ri.  B=observed 
low.  C’=  observed  high. 
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a|)|)r(»xiin:(t<‘ly  10%  of  tlu*  volume  of  tlie  (‘strofjenized  scium)  was  separatial  unsalted 
l)y  flotation  from  all  other  fraetions  by  the  use  of  the  |)reparatory  ultraeeiitrifuKe  with 
a  field  of  70,000  Cl  for  12  hours.  .Vftrn-  removal  of  the  ehylomierons,  tlu'  .s(>rum  was  s(  ]>- 
arated  into  four  fraetions  with  the  aid  of  the  i)artition  cells  designeil  by  Sehjeide  and 
Diekensen  (2).  A  samide  of  10  lambda  of  serum  was  removed  from  each  of  the  four  sen- 
ments  of  the  ])artition  cell  for  j)ai)er  (fleet roj)horesis  (15  amjx'res  for  12  hours;  hrom- 
|>henol  stain).  .Vlicpiots  (»f  the  contents  of  ('ach  s(*gment  were  also  diluti'd  with  an  e(pial 
amount  of  17.0%  sodium  chloride  to  resolve  the  individual  protein  eomiiommts  for  ultra- 
centrifugal  analysis.  The  schlieren  initterns  were  rc'corded  during  ultracentrifu}j::iti(tn  at 
50,740  HP.M  at  04.  <S0  and  90  minutes.  C’alcium  and  other  analyses  were  carried  (»ut  on 
the  contents  of  each  scRment  accoidins  to  nuflhods  listed  in  the  footnote  to  Tahl(>  1. 
For  comparison,  an  analysis  was  mad('  of  the  i)rincipal  cations  and  anions  of  the  serum 
of  laying  hens  and  of  egg  yolk.  Other  obsei  vations  made  for  s|)ecific  purposes  are  de- 
scrib(>d  in  the  api)roi)riate  sections  Inflow. 


RESULTS 

(’alcium.  The  total  ealeium  was  found  to  he  elevated  above  the  level  of 
that  observed  in  control  plasma  in  all  four  .segments  of  the  partition  cell. 
However,  segments  I  and  II,  constituting  the  top  fractions,  contained  only 
a  slightly  greater  concentration  of  calcium  than  is  found  in  control  serum. 
Segment  III  contained  twice  the  normal  level  of  calcium,  but  segment  IV 
(the  bottom  fraction)  contained  20  times  more  than  the  control  rooster 
.serums. 

Diffusible  ('alcium.  The  diffusible  calcium,  as  determined  by  ultrafilti  a- 
tion  of  whole  serum,  was  approximately  0.0  mg.%  in  both  control  and  estro- 
genized  serums.  The  bottom  .segment  had  to  be  diluted  with  serum  from 
untreated  roosters  to  measure  the  ultrafilterable  calcium  because  this  seg¬ 
ment  had  the  consistency  of  thick  syrup  and  no  fluid  would  pass  from  it 
through  the  collodion  membrane.  The  bottom  fraction,  containing  24f) 
mg.%  calcium,  was  diluted  with  control  rooster  serum  (containing  10  mg.% 
calcium)  in  proportions  of  1  to  d  by  volume,  and  the  mixture  produced  an 
ultrafiltrate  containing  only  0.0  mg.%  calcium,  or  the  .same  as  from  normal 
.serum. 

Xitrogeu. — The  total  nitrogen  content  of  .segment  I  was  slightly  higher 
than  that  of  segment  II.  This  was  due  to  the  presence  of  a  small  concen¬ 
tration  of  lipoproteins,  which  float  into  the  top  segment  with  prolonged 
centrifugation.  The  total  nitrogen  content  of  segment  IV  was  4  to  (i  times 
greater  than  that  of  other  levels.  These  observations  verified  the  estimates 
of  the  relative  amounts  of  the  serum  proteins  ba.sed  upon  .schlieren  pat¬ 
terns,  which  reflect  (by  the  area  of  the  various  peaks)  the  absolute  amounts 
(concentrations)  of  each  of  the  .serum  proteins.  With  the  use  of  a  factor  of 
().3,  grams  of  nitrogen  were  converted  to  grams  of  protein.  A  large  part  of 
the  protein  produced  by  estrogen  treatment  is  rich  in  phospholipid,  and 
this  introduces  an  element  of  uncertainty  into  the  use  of  this  factor. 
.Analy.ses  of  whole  serum  indicate  that  the  protein  content  may  be  in¬ 
creased  by  as  much  as  .4.0  grams  per  cent  by  the  effects  of  estrogen. 
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Khdr(>/>hor<'li(‘  PattcriiH.  Ivicli  one  of  tlio  four  s(*y:uu'uts  coiitniiiod  :i 
coniplonuMit  of  oloctropliorctically  rosolvod  proteins.  Se}j;ineut  I, 
or  the  loj)  fraction,  contained  a  laifje  amount  of  heta-Iipoprotein  and  no 
detectable  alplia-lipoproteiti.  Sef;inent  II  showed  essentially  the  same  pat¬ 
tern,  exeept  for  the  presence  of  a  small  amount  of  albumin.  Material  from 
segment  III  contained  a  larger  amount  of  albumin.  Segment  IV  showed 
a  new  fast-moving  eomponent  and  a  .slow-moving  gamma  globulin  peak. 
The  total  of  the  areas  of  the  various  eomponents  was  greater  than  those  of 
proteins  normally  found  in  the  serum  of  roosters. 


Kiu.  1.  ('()ni|K>sitc  sclili(>r(Mi  patterns  of 
(al)()V(“'t  the  serum  of  a  normal  roosU'r,  and 
(below)  of  a  heavily  estrofrenized  rooster. 
Xi  and  Xj  are  osmotieally  inaetive  new 
eomponents  seer(‘t('il  by  the  liver  into  tlu' 
plasma  in  the  form  of  eomplext's  with  eal- 
eium. 


ALPHA 

LIPOPROTEIN 


PILE  UP 


[BETA  LIPOPROTEIN 

NORMAL  SERUM, 

DIL.  Id 


ESTROGENIZED  SERUM 

OIL.  1=2 

Ultraccntrifugal  Patterns.  The  schlieren  patterns  corresponded  very 
well  with  the  eleetrophoretie  patterns.  The  top  fraetion  (segment  I) 
showed  a  large  peak  whieh  gave  a  negative  index  of  refraetion  relative  to 
the  medium  in  whieh  eentrifngation  was  taking  place.  Sneh  a  negative 
refraction  indicates  the  presence  of  a  large  amount  of  lipid  and  confirms 
the  identification  of  the  electrophoretic  components  in  this  fraction  as  beta- 
lipoproteins.  A  small  amount  of  albumin  appeared  together  with  the  beta- 
lipoproteins  in  segment  II.  Similar  components  appeared  in  segment  III. 
In  .segment  IV,  or  the  bottom  fraction,  there  were  four  distinct  components 
characteristic  of  estrogenized  avian  .serum:  the  fractions  Xi  and  X2:  al¬ 
bumin,  and  den.ser  globulins.  Conspicuou.sly  absent  from  this  bottom  frac¬ 
tion  were  both  alpha-lipoprotein  and  beta-lipoprotein  (Figs.  1,  2  and  If). 

The  Calciian-Protein  Pornplex. — A  list  of  serum  proteins  identified  l)y 
their  electrophoretic  mobilities  and  sedimentation  characteristics  is  shown 
in  Figure  2,  Column  F.  A  rough  estimate  of  the  amount  of  calcium  bound 
to  each  component  is  shown  in  Column  (1.  The.se  calculations  are  based 
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Fig.  3.  Diagrams  of  tlic  four  soKHiciits  of  tlu*  partition  cell  usi'd  for  sojiaratiiiK  tlio 
proteins  in  ('strosenizi'd  serum.  The  ealeium  content  of  eaeli  si'Kineiit  is  shown  aliove 
the  diagrams.  The  eleetrophoretie  components  of  sainjiles  of  serum  removed  from  tlie 
same  segments  and  indicated  hy  the  black  ri'ctangh's,  are  sliown  bcdow  on  paper  stained 
with  hrom-plienol. 

on  tlie  areas  of  tlie  peaks,  tlie  amount  of  ealeium  in  eaeli  sef^ment  of  tlie 
partition  eell  and  the  amount  of  ultrafilterahle  ealeium  in  whole  serum. 
Relative  to  untreated  rooster  serum,  heta-lipoprotein  was  inereased  in 
eoneentration.  Albumin,  the  main  ealeium-bindins  protein  in  eontrol 
rooster  serum,  was  present  in  practically  normal  or  in  low  concentrations. 
The  .\  G  ratio  was  reduced  from  0.34  in  normal  roosters  to  0.08  in  estro- 
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jI(MU/C(l  roostns.  'PIk*  cliicny  responsihlo  for  hiiuliiiji  the  loii-fold 

incroaso  in  conccMilration  of  calriuni  was  always  localod  in  llio  holtoin  of 
tlio  partition  cadi,  almost  cMitircly  in  sognuMit  IV.  This  protcdn,  spca-ificaily 
Xi,  ditTcned  from  other  proteins  in  the  serum,  in  that  it  contained  a  hi}>:h 
percentage  of  protein  phosphorus,  in  which  respect  it  was  similar  to 
ovovitellin  and  casein. 

The  nature  of  the  association  between  the  calcium  and  the  phospho- 
proteins  in  the  serum  was  examined  further  with  respect  to  the  calcium- 
binding  properties  of  these  proteins.  The  direct  approach  to  the  isolation 
and  purification  of  the  two  fractions,  X|  and  X2,  separately  or  together, 
and  their  subsecpient  characterization,  has  so  far  failed.  These  proteins 
are  insoluble  in  distilled  water,  and  are  kept  in  solution  by  the  electrolytes 
of  the  serum.  They  are  easily  precipitated  from  the  serum  by  dilution  with 
distilled  water,  and  presumably  are  separated  from  the  normal  protein 
constituents  of  the  serum  by  this  proce.ss.  They  may  then  be  redissolved 
by  the  addition  of  salts  of  calcium  and  or  sodium,  leaving  only  a  minute 
risidue  of  insoluble  material.  When  this  is  done,  however,  the  proteins  in 
the  rc'constituted  solution  have  lost  their  electrophoretic  mobility  and  a 
large  part  of  their  ability  to  combine  with  calcium,  and  are  therefore  de¬ 
natured  in  these  respects.  This  is  in  contrast  with  such  proteins  as  serum 
albumin  and  globulin,  and  with  casein,  all  of  which  are  soluble  in  distilled 
water,  and  which  do  not  undergo  denaturation  in  such  .solutions.  Moreover, 
dilution  of  the  serum  of  estrogenized  roosters  with  0.9%  sodium  chloride 
solution  also  interferes  irreversibly  with  the  calcium-binding  capacity  of 
the  phosphoproteins,  as  shown  by  the  fact  that  the  relationships  between 
the  diffusible  and  nondiffusible  fractions  of  the  serum  calcium  are  not 
predictable  following  such  dilution. 

McLean  and  Hastings  (.‘1)  found  that  the  relationship  of  calcium  and  pro¬ 
tein,  in  plasma  or  serum,  could  be  described  in  terms  of  a  solution  of  a 
weak  electrolyte,  calcium  proteinate,  the  ionization  of  which  is  represented 
by  the  eciuation: 

('iil’rot  ^  -|-  Prot"  (I ) 


and  by  the  mass-law  ecpiation: 

l('a^^]  X  [Prot-  I 
[CaProt] 


’a  l*nit 


(■2) 


which  may  be  written  in  logarithmic  form  as: 


p('a^  +  -}-  pProt""  —  pt’aProt  =  pKcaivot  (3) 

in  which  p  repre.sents  the  negative  logarithm.  This  formulation  was  ex¬ 
tended  to  casein  by  McLean  and  Hastings,  and  has  been  repeatedly  con¬ 
firmed  (4-9)  as  a  first  approximation  of  the  calcium-protein  relationship. 
The  formation  of  a  complex  of  calcium  with  protein  depends  quantita- 
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lively  upon  tlnee  factors;  1)  the  concentration  of  Ca^+  in  the  solution;  2) 
the  affinity  of  the  protein  for  calcium,  which  may  he  expressed  as  the  dis¬ 
sociation  constant,  Iv:,i.r.,t,  or  its  reciprocal,  the  association  constant:  and 
;i)  the  capacity  of  the  protein  for  combination  with  calcium,  which  may 
he  expressed  in  terms  of  mols,  which  represent  the  numher  of  calcium- 
hindinK  groups  per  unit  weif5ht  of  protein,  or  correspondingly,  the  mols  of 
calcium  that  would  he  combined  with  a  unit  weight  of  protein  at  infinite 
C’a"+  concetit  ration. 

McLean  and  Hastings,  in  the  absence  of  a  satisfactory  factor  for  con¬ 
verting  grams  of  protein  to  mols  of  calcium-combining  groups,  made  use 
of  curves  constructed  from  titration  of  protein  solutions  with  alkali.  This 
involved  the  assumption  that  carboxyl  groups,  neutralized  by  alkali,  were 
available  for  combination  with  calcium.  (Jreenberg,  Larson  and  Tufts  (7) 
avoided  this  assumption  by  writing  the  mass  law-e(iuation  in  the  form; 

Protein  (gin. /1 00  cc.)  1  H 

-  =  — •  -p  (4) 

C'aProt  (mg.  C’a/100  cc.)  .V  ('un'^ ^^(,mg./100  cc.) 

in  which  A  and  B  are  constants.  When  Protein-CaProt  is  plotted  against 
1  Ca++  a  straight  lines  is  obtained  (Fig.  4).  The  intercept  of  this  line  with 


Fifi.  4.  Ciiapli  sliowinp;  tli(‘  rclationslii)) 
lu'twccn  tlic  n(»n-(lifTusil)lc  and  the  diffiis- 
ihlc  calciuin  of  estrofjenized  scrum  diluted 
witli  partially  dccaleificd  scrum  from  un¬ 
treated  control  roosters,  ('onstruetcal  from 
ilata  in  Table  2. 


l/Ca"*D 


the  Protein  Cal’rot  axis  represent.s  the  reciprocal  of  the  constant  A,  and 
the  slope  of  the  line  gives  the  constant  B.  1  A  then  gives  a  factor  by  which 
grams  of  protein  must  be  multiplied  to  convert  the  protein  to  milligrams 
of  calcium-combining  capacity  per  gram  protein.  The  product  AB  is  the 
(Hpiilibrium  constant  for  erpiation  (4).  Having  obtained  the  factor,  1/A, 
the  calcium-binding  capacity  of  the  protein  may  be  substituted  in  etjuation 
'2)  or  (:i),  and  the  value  K(  „i.r„t  or  pK(  ;,i*r.,t  obtained  when  Ca  *  *  and  CaProt 
are  known  and  when  the  quantities  in  hkpiation  (4)  are  calculated  in 
molar  terms.  Klotz  (S)  and  Carr  (9)  have  made  extensive  use  of  this  ecpia- 
tion,  and  ('arr  has  made  calculations  of  the  number  of  calcium-combining 
groups  per  molecule  of  protein.  Carr  (9)  has  also  made  direct  estimates  of 
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Tabi.e  2.  Data  and  <  ai.ci  i.ati<>xs  kkom  ax  extehimext  ix  which  i'ooi.ed  sekcm  from 

ESTROCJEXIZEH  ROOSTERS  WAS  DII.CTEI)  WITH  DECAI.riKIEI)  SERC.M  FROM  XORXIAL  COXTROI. 
ROOSTERS.  AXI)  HIE  I’RODI  I  T  SI  B.MITTEI)  TO  CI.TRA FI I.TR ATIOX.  (C'il^^D  REPRESEXTS 

uiFFi  siBi.E  camtcm;  C'al’iot  =totai.  C'a  — =  i’roteix-boi  xi)  i-ai.cii  m) 


I'lstrouciiizcii  scrniii  in  iiiixliirc,  pi'r  (-(‘iit 


100  1 

7.5 

.50 

2.5 

Total  protoiii.  gin.  -  100  cc. 

7.4 

0 .  .5.5  1 

.5 . 7 

4 . 85 

Total  calcium,  ing.  100  cc. 

lo:(.5 

77.2  ' 

51  .5 

2.5 . 7 

(’a i«,  mg.  '  100  cc. 

7.2 

1 .5 

:(.() 

2.2 

Cal’rot,  .Mg  ('a/100  cc. 

tto . 

72 . 7 

47.0 

22 . 4 

Protein  /('a  Prot 

.077 

.otto 

.  1 10 

.207 

1  /('a'"*  1) 

.i:p.» 

222 

.  27S 

.  42.5 

From  these  data  and  from  those  from  a  similar  experiminit,  there  is  derived  graphically 
(Fig.  f)  the  eipiation: 


Protein  1  0.4 

C’aProt  50  ('an'*"*’ 

( ireenherg's  constants;  A  =50.0;  H=0.4 

.Maximum  hinding  capacity  of  mixed  .scrum  proteins  =  50  mg.  Ca  'gm.  protein  =  125  mM  '  100 
gra  ms. 


the  ealciuin-coniliiniiiK  capacity  of  various  proteins,  liy  a  procedure  we 
have  found  to  he  inapplicable  to  the  serum  of  estrogenized  roosters,  owing 
to  the  denaturation  of  phosphoprotein  resulting  from  the  addition  of 
atpieous  solutions  containing  XaCl  and  CaCh. 

•  The  calculations  listed  in  Table  2  are  based  on  dilution  of  the  serum  of 
estrogenized  roosters  with  serum  from  normal  roosters,  following  partial 
decalcification  of  the  normal  .serum  by  adsorption  on  granular  lead  phos¬ 
phate.  We  have  found  no  indication  that  this  treatment  has  any  denatur¬ 
ing  effect  upon  the  phosphoproteins  of  the  e.strogenized  animals.  While  this 
method  does  not  permit  any  variation  in  total  protein  content,  it  does  pro¬ 
vide  for  varying  the  total  calcium  content.  Under  the.se  conditions  the 
diffusible  calcium  of  the  mixed  serum  remains  approximately  constant  at 
about  ()  mg.  100  cc.  In  the  ab.sence  of  a  suitable  method  for  determination 
of  Ca++,  total  diffusible  calcium  ((Ireenherg’s  Cao'’^^)  has  been  used  as  an 
approximation  of  Ca+^.  Since  not  alt  of  the  variables  are  under  strict  con¬ 
trol,  and  .since  in  any  case  the  calculations  are  made  on  a  mixture  of  pro¬ 
teins,  of  which  the  Xi  component  is  relatively  small  in  amount,  but  con¬ 
tributes  a  large  share  of  the  calcium-combining  capacity,  the  re.sults  as 
presented  are  to  be  regarded  only  as  an  approximation  of  the  ability  of  the 
phosphoproteins  to  form  complexes  with  calcium. 

Table  2  shows  the  results  of  an  experiment  in  which  pooled  serum  from 
estrogenized  roosters  was  diluted  with  varying  amounts  of  decalcified 
serum  from  control  roosters.  Tables  2  and  3  present  calculations  of  the 
capacity  factor  of  the  proteins;  serum  globulin,  .serum  albumin,  casein,  and 
the  mixed  proteins  of  the  .serum  of  the  e.strogenized  rooster.  Calculations 
on  serum  albumin  and  globulin  in  Table  8  are  from  Carr  (9),  casein  figures 
are  from  McLean  and  Hastings  (:i),  and  tho.se  from  the  serum  of  the 
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Tabi.k  3.  Calch'm-combininc;  chakactkkistics  of  varioi  s  l•HOTEl^■s 

Capacity,  Affinity, 

inM  ('a  Itli)  fjin.  l)K(i,i'r..i 

Scrum  uloluiliii  f  ]()-2.22 

Scrum  all>umiii  ti  ItC*  ''* 

Casein  2")  H 

Mixed  proteins  from  scrum  of  cstroncni/.cd  roostiu-  125  It)'- 


estrofienized  rooster  are  from  data  obtained  in  the  present  study.  Cal¬ 
culations  of  the  aff'uiitj/  factor  repisesent  the  values  obtained  for  plv  „i.r„t  by 
the  efiuations  of  McLean  and  IIastinf«;s,  with  calcium-combining  capacity 
of  the  proteins  represented  in  molar  terms.  From  Table  R  it  is  seen  that 
whereas  purified  serum  globulin  and  .serum  albumin  have  a  relatively  low 
capacity  for  combination  with  calcium,  this  property  is  markedly  increased 
in  casein,  the  prototj'pe  of  a  phosphoprotein,  and  increa.sed  again,  by  a 
further  factor  of  five,  in  the  mixed  proteins  of  the  serum  of  the  estrogenized 
rooster.  On  the  other  hand,  the  affinity  of  the  combining  groups  of  proteins 
for  calcium,  as  measured  by  the  dissociation  constant,  pK-MCn.i,  if^  not 
greatly  different  if  at  all  in  the  proteins  listed  in  Table  R.  The  significance 
of  the.se  ob.servations  will  be  discu.s.sed  further  below. 

(’olloidal  Calcium  Phonphatc.-  Analysis  of  the  densely  packed  sedi¬ 
mented  material  found  in  the  bottom  of  segment  IV  indicated  that  all  or 
most  of  the  excess  calcium  in  the  serum  could  be  accounted  for  as  bound 
to  protein.  If  a  small  amount  existed  in  any  other  form  it  could  not  be 
identified  as  colloidal  inorganic  calcium  phosphate,  in  spite  of  the  fact 
that  inorganic  phosphate  levels  increa.sed  as  much  as  four  times  after  in¬ 
jection  of  estrogen.  In  one  experiment  the  proteinaceous  syrup  and  sedi¬ 
ment  in  the  bottom  of  the  partition  cell  was  precipitated  by  adding  an 
ecpial  volume  of  trichloroacetic  acid.  The  level  of  inorganic  or  protein-free 
phosphorus  in  the  sediment  was  20.0  mg.%  and  in  the  supernatant  fluid 
after  this  treatment  was  FLO  mg.%.  It  is  a.s.sumed  that  no  appreciable 
amount  of  colloidal  calcium  phosphate  was  present,  for  if  it  has  been  it 
would  have  been  soluble  in  trichloroacetic  acid  and  would  have  been  rep- 
re.sented  by  a  much  greater  amount  of  phosphorus  than  the  FLO  mg.% 
found. 

Pa  per  ( 'hromatogra  phyfor  A  mi  no  A  cids.  Whole  .serum  acid  hydrolysates, 
and  ultrafiltrates  of  control  and  estrogenized  serum  showed  interesting 
patterns  of  the  amino  acids.  The  area  and  intensity  of  .staining  for  serine 
was  markedly  increa.sed  following  estrogen  treatment,  (ialacto.samin 
phosphate,  a  component  of  the  serum  of  the  untreated  roosters,  was  gen- 
erallj’  absent  in  estrogenized  serum.  The.se  observations  suggest  that  serine 
is  the  characteristic  amino  acid  and  correspond  to  chemica*  analyses  (10) 
'll)  showing  that  phosphe -erine  is  the  predominant  building  .stone  of  egg 
yolk  and  perhaps  therefore  of  the  Xi  component  of  the  serum  as  well. 
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Fig.  o.  Duinram  showing  tlu'  jiH  and  (‘lactrolytc  ociuililiiiu  of  tlic  scniin  of  normal 
and  ('stroK<‘niz(‘d  roosters,  and  of  tlic  layiiiK  Iumi,  comiiarc'd  with  tlic  supernatant  fluid 
.separated  from  yolk  liy  ultraeentrifunation.  It  may  he  assumed  that  the  ealeium 
hound  hy  protein,  as  shown  Ixdow  the  base  line,  was  (‘h'ctrieally  neutralizeil  and  osmoti- 
eally  inactive,  sima-  no  sisnifiiamt  idiannes  in  electrolyte  ecpiilihria  wmc'  produced  hy 
estrof!!<'<'izi*tion. 

The  Ky(j  Yolh.  Figure  o  sununarizes  tlie  result.^  of  eliemieal  analyses  on 
blood  and  on  the  egg  yolk.  The  yolks  of  (i  hens’  eggs  were  .separated  into 
supernatant  fluid  and  solids  by  eentrifugation  at  80,000  HPM  for  4  hours. 
The  supernatant  fluid  was  analyzed  for  ealeiuiu  and  for  the  other  prineipal 
rations  and  ai  ions  found  in  the  fluids  of  the  body.  The  Arid  portion  of 
the  yolk  contained  14  ing.  to  24  iug.%  calcium,  a  large  part  of  which  was 
ultrafllterable.  The  soiliuin  content  was  greatly  reduced,  to  a  range  of 
lo-20  nuHi.  per  liter  as  compared  with  18")  to  l.")0  for  plasma.  Pota.ssium 
increased  in  concentration  in  the  egg  yolk,  as  it  (Uh*s  in  other  intracellular 
fluids,  (’hloride  fell,  but  the  concentration  of  inorganic  phosphate  rose  from 
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9.0  mcq.  per  liter  in  plasma  to  RS  mecp  in  epip;  yolk  fieid.  The  hiearhonate 
content  fell  from  24.0  me(j.  per  liter  in  plasma  to  less  than  d.O  mecp  in  the 
fiiiid  of  the  egs  yolk.  The  result  was  that  the  pi  I  fell  from  7.45  in  the  hens’ 
plasma  to  as  low  as  5.02  in  the  e}>;f?  yolk. 

The  solid  mateiial  of  the  e{;f?  yolk  repre.senteil  approximately  50%  of 
the  volume  of  the  yolk  (12)  compared  with  approximately  10%  of  the 
volume  of  the  .serum  of  the  estrofjenized  rooster.  The  concentration  of 
protein  in  the  whole  yolk  is  approximately  1 1  gm.  per  100  cc.  On  cen- 
tiifuKation,  the  jj;ranules  that  are  .separated  from  the  fluid,  after  washing?, 
contained  water  and  approximately  25.5  f^m.  of  total  protein  per  100  cc. 
After  repeated  wash  with  distilled  water,  filterinfi  and  centrifusinfj;  at 
70,000  g.  for  two  hours,  the  granules  consisted  of  highly  concentrated 
.samples  of  phosphoprotein  (Xi)  and  lipoprotein  rich  in  sulfur  (X2).  Of 
the  25.5  gm.%  of  total  protein,  :i.5  gm.  was  phosphoprotein  (Xi)  and  the 
remainder,  the  sulphur-rich  phospholipid  lipoi)rotein  (X*).  The  same 
washed  material  contained  200  mg.  calcium  per  1.5  gm.  of  yolk  granule 
protein  (phosphoprotein  and  lipoprotein).  For  compaii.son,  the  blood  of  the 
laying  hen  contained  20  mg.%,  of  calcium,  bound  to  0.4  gm.  of  Xi.  It 
appears  that  the  ovary  removed  the  phosphoprotein  from  the  blood  to¬ 
gether  with  a  large  part,  if  not  all,  of  its  complement  of  calcium.  Ovalbumin 
and  the  other  lipoproteins  were  found  in  the  licpiid  compartment  of  egg 
yelk  but  the.se  recpiire  further  investigation. 

nisc’USSioN 

The  ultracTiitrifugal  analyses  herein  reported  alTord  clear  evidence  that 
the  dramatic  increa.se  in  the  .serum  calcium  level  of  the  estrogenized  rooster 
is  as.sociated  chiefly  with  phosphoproteius  not  pre.sent  in  the  blood  of  the 
untreated  rooster,  but  found  in  the  .serum  of  the  laying  hen  and  appearing 
in  considerable  cpiantities  in  the  .serum  of  roosters  treated  with  large  doses 
of  estrogenic  hormone.  Although  the  rooster  was  chosen  for  these  studies, 
our  interest  is  primarily  in  the  physiology  of  oviparous  animals;  the  rooster 
serves  as  a  suitable  test  animal  for  the  reason  that  the  effects  of  exogenous 
estrogen  can  be  controllc'd  without  the  interference  contributed  by  the 
endogenous  estrogen  of  the  laying  hen. 

Our  data  show  that  the  phosphoproteius  under  study  have  a  very  large 
capacity  for  combination  with  calcium.  For  technical  reasons  it  has  not 
been  possible  as  yet  to  arrive  at  an  accurate  estimate  of  either  the  capacity 
or  the  affinity  of  these  proteins,  in  a  pure  state,  for  this  cation.  It  appears, 
however,  that  the  affinity  of  the.se  proteins  for  calcium,  as  measured  by 
the  di.ssociation  constant,  pK(:.i>r„i,  does  not  differ  materially  from  that 
of  other  proteins  previously  studied,  including  .serum  albumin,  .serum 
globulin,  and  ca.sein;  there  are  simply  more  calcium-combining  groui)s  per 
molecule  or  per  unit  weight  of  the  phosphoproteius  than  there  are  in  the 
usual  .serum  proteins.  It  is  suggested  herein,  but  not  proved,  that  the  high 
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capacity  of  the  protein  molecule  for  calcium-binding  is  contributed  by  the 
phosphate  groups  of  the  phosphorylated  amino  acid,  phosphoserine.  It  is 
also  assumed  that  the  carboxyl  groups  of  the  proteins,  responsible  for  the 
binding  of  calcium  by  proteins  which  lack  phosphate  groups,  also  partici¬ 
pate  in  the  combination  of  the  phosphoproteins  with  calcium. 

There  has  been  an  implicit  assumption  in  the  literature  that  the  binding 
of  calcium  by  the  phosphoproteins  of  the  serum  of  laying  birds  is  associ¬ 
ated  physiologically  with  the  transport  of  the  calcium  recpiired  for  the  egg 
shell.  It  now  appears,  however,  that  the  correlation  is  with  the  egg  yolk 
rather  than  with  the  egg  shell,  and  that  it  is  more  meaningful  to  regard  the 
hypercalcemia  as  serving  for  the  transport  of  the  serum  proteins.  This  view 
is  supported  by  our  observation,  as  yet  unpublished,  that  both  the  hyper¬ 
calcemia  and  the  production  of  serum  phosphoproteins  are  readily  in¬ 
duced  in  the  frog  and  in  fish  by  administration  of  estrogen;  in  both  cases 
there  is  the  reciuirement  for  egg  yolk  production,  but  none  at  all  for  the 
deposition  of  an  egg  shell.  Moreover,  in  spite  of  numerous  trials,  no  one 
has  succeeded  in  inducing  a  .significant  hypercalcemia  or  the  appearance  of 
a  serum  phosphoprotein  in  mammals,  comparable  to  that  observed  in 
birds,  frogs  or  fish,  by  the  administration  of  estrogen,  even  though  in  mice 
the  production  of  medullary  bone  under  the  influence  of  estrogen  resembles 
that  in  birds.  Here  the  correlation  is:  no  egg  yolk  production— no  serum 
phosphoprotein-  no  hypercalcemia.  We  believe,  therefore,  that  we  are 
correct  in  attributing  the  hypercalcemia  of  birds  and  oviparous  cold¬ 
blooded  animals  to  the  requirement  of  the  circulating  phosphoproteins  for 
calcium.  It  is  of  interest  that  the  male  of  each  oviparous  animal  studied 
retains  the  ability  to  exhibit  hypercalcemia  and  the  production  of  .serum 
phosphoproteins,  even  though  the  formation  of  the  end  product  of  the 
reaction-  the  egg  yolk  is  an  impossibility.  Female  amphibians  and  fish 
show  hypercalcemia  and  serum  phosphoproteins  in  the  preovulatory  phase 
of  the  reproductive  cycle,  but  do  not,  of  course,  produce  calcified  egg 
shells. 

Eudocritic  Interrelationships.-  The  literature  on  the  subject  of  hyper¬ 
calcemia  in  the  laying  hen  or  estrogenized  bird  contains  many  different  but 
interdependent  observations.  The  first  correlation  by  early  investigators 
was  with  the  large  increase  in  phosphorus  and  as  a  result  colloidal  calcium 
phosphate  was  postulated  as  one  of  the  components  of  the  plasma  (13- 
Ifi):  this  idea  is  still  receiving  support  (17).  The  next  ob.servation  was  the 
increa.se  in  the  level  of  the  total  phosphorus  and  the  appearance  de  novo 
of  phosphoprotein  in  the  blood  (18-22).  The  next  concerned  the  reproduc¬ 
tive  cycle  and  the  causal  effects  of  both  endogenous  and  exogenou.s  estro¬ 
gen  (23-36).  The  next  described  the  hyperproteinemia  and  specific  electro¬ 
phoretic  components  formed  in  the  plasma  in  response  to  e.strogen  treat¬ 
ment  (37-46).  More  recently,  the  l.ypercalcemia  has  been  correlated  with 
the  transport  of  a  phosphoprotein-lipoprotein  complex,  X1-X2,  formed 
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by  the  liver  and  supplied  to  the  ovarian  follicles  for  construction  of  the 
yolk  proteins  (1).  In  the  course  of  the  normal  cyclical  changes  in  the  com¬ 
position  of  the  serum  of  the  laying  hen  the  level  of  the  total  calcium  may 
rise  to  a  peak  of  80.0  mg.%  or  higher.  It  is  now  (piite  clear  that  this  is 
related  to  the  production  of  estrogen  by  the  graaftian  follicles.  Itiddle  (88) 
estimated  that  the  ovaries  of  the  domestic  hen  produce  estrogenic  activity 
ecjuivalent  to  8.0  mg.  of  estradiol  benzoate  per  day. 

Extirpation  and  replacement  therapy  experiments  have  failed  to  show 
any  correlation  between  the  cyclical  hypercalcemia  of  birds  and  the  func¬ 
tion  of  other  glands,  .such  as  the  pituitary  or  adrenals.  Parathyroidectomy 
reduces  the  level  of  calcium  ion  in  the  blood  and  results  in  the  formation  of 
eggs  with  uncalcified  shells  (47). 

The  Egg  Shell.-  We  have  attributed  the  hypercalcemia  of  birds,  during 
the  egg-laying  cycle,  to  the  re(|uirement  of  the  circulating  phosphoproteins 
for  calcium,  rather  than  to  the  need  for  transport  of  this  mineral  for  the 
formation  of  the  egg  shell.  As  one  of  the  reasons  for  this  view  we  have  cited 
the  fact  that  fish  and  amphibians  exhibit  the  same  hypercalcemia  and 
phosphoproteinemia  without  forming  calcified  egg  shells.  This  does  not, 
however,  exclude  the  frequently  entertained  but  (piite  unproven  possi¬ 
bility  that  the  hypercalcemia  in  the  l)ird  contributes  to  the  transport  of 
calcium  for  the  egg  .shell  (48,  49).  Our  present  view  is  that  all  or  most  of  the 
protein-bound  calcium  is  drained  from  the  blood  by  the  ovarian  follicles  in 
the  formation  of  the  egg  yolk,  and  that  egg  shell  formation  and  the  calci¬ 
fication  of  medullary  bone  is  .sustained  by  the  calcium  ion  content  of  the 
plasma.  In  the  bird,  however,  as  in  the  mammal,  the  calcium  ion  content 
of  the  plasma  is  buffered  by  the  pre.sence  of  readily  available  protein- 
bound  calcium,  which  may  make  some  contribution  to  the  egg  shell.  That 
the  calcium  ion  concentration  is  of  first  importance,  however,  is  indicated 
by  the  fact,  above  referred  to,  that  the  reduction  in  calcium  ion  concentra¬ 
tion  in  the  blood  in  birds  following  parathyroidectomy  results  in  the  for¬ 
mation  of  eggs  with  uncalcified  shells,  without  affecting  the  amount  of 
protein-bound  calcium  in  the  plasma  (oO).  The  X1-X2  precursors  of  yolk 
protein  hold  the  highest  priority  on  the  supply  of  calcium.  Low  calcium 
diets,  fortified  with  vitamin  I),  produce  in  .succe.ssion :  thin-shelled  eggs, 
shell- less  eggs,  small  eggs,  and  then  no  eggs.  In  mice  and  in  cortisone-treated 
birds  the  female  .sex  hormone  can  produce  endosteal  bone  in  the  absence  of 
l)oth  hypercalcemia  and  phosphoproteinemia:  the  calcification  of  medul¬ 
lary  bone  is  thus  not  dependent  upon  an  exce.ss  of  protein-bound  calcium. 

Calcium  and  Protein  in  the  Egg  Yolk.  The  egg  yolk  may  be  regarded  as 
a  selected  concentrate  of  the  serum  of  the  laying  hen.  The  transfer  of  pro¬ 
tein  acro.ss  the  capillary  and  vitellin  membranes  and  into  the  yolk  sac  is 
a  complicated  process,  involving  the  action  of  .special  enzymes  such  as 
phosphoprotein  phosphatase.  .Vlso  observed  are  pinocytosis  and  extreme 
changes  in  pH,  in  capillary  permeability,  and  in  electrolyte  e(iuilibria.  The 
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composition  of  the  yolk  fiiiid,  as  compared  witli  the  plasma  of  the  hen,  has 
been  noted  above,  and  is  summarized  in  Fifj.  o.  Associated  with  these 
changes  the  soluble  complexes  of  Xi  and  X2  were  transformed  into  aggre¬ 
gates  or  insoluble  granules.  The  relationship  between  these  granules  and 
the  time  honored  embryologic  terms  ovovitellin  and  ovolivetin  reciuire 
review  and  definition  by  special  physical  and  chemical  analyses.  For  this 
purpose,  the  process  of  aggregation  of  the  yolk  granules,  together  with  the 
enzymatic  mechanisms  and  proce.-ses  concerned  with  deposition  of  lipid 
and  carbohydrate  substances  are  under  investigation  at  the  present  time, 
and  will  form  the  subjects  of  further  communications. 
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ABSTRACT 

Csinn  tln'  x-ray  ineasurc'iiu'iit  (jf  iiit('ri)ul)i(*  distance  as  an  assay  piocc'diin*, 
it  was  found  that  purified  relaxin  wliieli  is  of  low  potency  in  mice  can  be  en¬ 
hanced  in  activity  by  delaying  its  absorption  from  the  site  of  injection.  Of  tin' 
d(*i)ot  nu'dia  and  binding  agents  which  w(‘re  tc.sted,  the  most  effective  was  a 
suspension  of  lyophilized  relaxin  in  5%  beeswax  and  oil,  which  i)roduced  a  (in¬ 
fold  incr(‘asc  in  assay  i)otency.  In  contrast,  the  mouse-active  fraction  of  .sow 
ovaries,  which  is  notably  less  soluble  than  relaxin,  was  not  ijotcntiated  by  the 
depot  medium.  It  was  therefore  conclu<led  that  the  growth  response  of  the 
l)ubic  ligament  can  be  obtained  with  depot  relaxin,  and  that  the  mouse-active 
fraction  reprevsents  a  more  slowly  mobilized  form  of  relaxin. 

The  relationship  of  these  findings  to  the  interi)retation  of  bioassay  data  was 
discussed,  and  a  modified  i)rocedure  was  suggestial  to  provide  a  fpiantitativc 
assay  of  relaxin  in  mice. 

DURIXCj  the  course  of  studies  in  relaxin  i)ioa.s.say,  it  was  noted  tliat 
purified  relaxin  was  surprisingh'  ineffective  in  the  production  of 
pelvic  ligament  growth  in  mice,  although  crude  relaxin  extracts  had  been 
quite  potent  (1,  2).  A  more  powerful  .stimulus  for  ligament  growth  was 
later  detected  in  a  protein-like,  relatively  insoluble,  ovarian  fraction 
which  was  easily  .separable  from  relaxin  but  contained  trace  amounts  of 
relaxin  (:i).  In  addition,  chemical  and  pharmacological  studies  suggested 
that  the  two  ovarian  fractions  were  related,  and  that  the  mou.se-active 
fraction  may  represent  protein-bound  relaxin.  This  paper  presents  evi¬ 
dence  in  support  of  this  hypothe.sis,  and  proposes  a  modification  of  the 
roentgenographic  bioa.s.say  method  in  mice  to  allow  a  quantitative  assay 
of  purified  preparations  of  relaxin. 

MATERIALS  AND  METHODS 

Bioassaij  procedure:  Mature,  virgin,  female  mice  were  obtained  from  Rocklaml 
Tarms,  New  York,  and  wcu'e  usc'd  for  one  assay  when  they  weighed  betweem  22  to  2(1 
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cm.  each.  Following  seven  to  eight  days  pretreatment  with  1  ng.  of  estracliol-17/j  daily, 
injected  subcutaneously  in  sesame  oil,  the  animals  were  anesthetized  with  2.5  mg.  of 
sodium  pentobarbital  injected  intraperitoneally  in  0.2  ml.  of  1%  saline.  Code  numbers 
were  assigned  and  x-ray  photographs  of  the  pelvis  were  obtained  by  the  method  of 
Kliman,  Salhaniek,  and  Zarrow  (2).  A  single  dose  of  the  test  substance  was  then  injected 
subcutaneously  and  roentgimograms  weie  again  taken  24  hours  later.  The  inenunent  in 
tl>e  separation  of  the  pelvic  bones  at  the  jmbic  symi)hysis  was  then  mcasuri'd  by  projc'c- 
tion  of  the  x-ray  films  onto  millimeter  ruled  grai)h  j)ai)er  at  a  constant  magnification  of 
ten  diamettus.  Multiple  dose  levels  of  unknown  and  standard  preparations  were  tcsti'd 
at  the  same  time,  and  the  data  were  subjected  to  conventional  statistical  analysis  (4,  5). 
Tlie  results  were  expressed  in  terms  of  the  ratio  of  potency,  M,  of  the  unknown  compared 
to  tlu'  standard  preparation.  The  limits  of  error  for  the  i)oteney  ratio  were  rigorously 
calculated  for  a  ])robability  of  95  chances  out  of  100,  that  the  true  ratio  was  enclosed  by 
those  limits. 

Ovarian  extracts:  .\11  j)rei)aiations  were  (h'lived  from  the  ovaries  of  pregnant  sows, 
and  tlie  relaxin  contents  were  determined  by  the  palpation  assay  in  guinea  pigs  according 
to  the  Frieden  and  Hisaw  modification  (0)  of  the  .Vbramowitz  et  al.  method  (7).  Extracts 
H-12.  (1-111,  and  U-175  (Releasin)  were  obtained  through  the  courtesy  of  Dr.  Robert 
L.  Kroc  of  Warner-Chilcott  Labs.  The  mouse-active  fraction,  X-4,  was  isolated  by  two 
prc'cipitations  with  50%  ethanol  from  a  5%  saline  extract  of  sow  ovaries.  The  relaxin 
.assays  w(“re  performed  in  guinea  pigs  by  Dr.  Kroc,  and  the  results  were  exi)ressed  in 
(luinea  Rig  I’nits  ((jPE)  per  mg.  of  salt-free  solids. 

Injection  media:  I’nless  stated  otherwise,  all  injections  were  given  subcutaneously  in 
0.1  ml.  of  medium.  The  test  doses  of  the  relaxin  standards  were  dissolved  in  0.9%  saline. 
The  moust'-active  fraction  was  sus])ended  in  0.9%  saline  and  was  mixed  i)rior  to  injec¬ 
tion. 

The  gelatin  depot  medium  was  composed  of  20%  gelatin  and  30%  propyhme 
glycol  in  water.  Relaxin  was  dissolved  in  the  medium  and  the  solution  was  warmed  to 
ti0°  ('  before  use. 

Relaxin  tungstate  was  prepared  fresh  by  the  addition  of  4%  sodium  tungstate  (1 
volume)  to  a  relaxin  solution  (1  volume),  and  acidification  to  a  final  pH  of  4.5  by  the 
addition  of  2  volumes  of  KCl  (0.05X)-HC1  (0.01  X)  buffer.  .V  white,  flocculent  ])recipi- 
tate  appeared,  and  was  suspended  in  the  supernatent  solution  prior  to  injection. 

Polyvinylpyrrolidone  was  i)urchased  from  Delta  Chemical  Works,  Inc.,  Xew  Yoik. 
The  ])owder  was  dissolved  in  0.9%  saline  at  concentrations  of  5,  10  or  20%  by  weight. 
Relaxin  \yas  then  dissolved  in  this  medium  and  was  injected  at  room  ternperatun'. 

Tlie  ])reparation  of  beeswax-oil  medium  was  based  upon  the  methods  of  Code  and 
Varco  (S),  Romansky  and  Rittman  (9),  and  Bruce  and  Parkes  (10).  Pure  beeswax  was 
flaked  and  tlum  added  to  sesame  oil  to  make  5%  wax  by  weight.  The  mixture  was 
licated  at  0.5°  ('  for  48  hours  to  dissolve  the  wax.  The  medium  can  be  cooled  since  it  will 
litluify  witliin  15  minutes  upon  reheating.  The  extracts  to  be  assayed  were  first  lyophi- 
lizi'd,  and  tlu‘  resulting  jxiwders  were  dispersed  in  the  warm  medium  with  the  aid  of  a 
glass  ti.ssue-grinder.  The  mixtures  were  reheated  to  00°  C'  and  stirred  before  injection. 

RESULTS 

'rcUiiin  injection  medium: 

Although  a  previou.s  attempt  to  alter  relaxin  activity  with  10%  gelatin 
lad  been  unsuccessful  (3),  it  seemed  worthwhile  to  test  a  more  slowly 
ihsorhahle  mixture  containing  20%  gelatin  and  30%  propylene  glycol, 
;nd  to  use  multiple  do.se  levels  for  better  accuracy.  Preparation  0-111, 
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TaHI.K  1.  I'AkKCT  OK  A  (iKI.ATIN  IN.IKCTION  MKDItM  ON  UKI.AXIN  ASSAY  IN  MICK 


No.  <ir  lllici* 


Dose  :iss:iy«-(l 


Mk.  (ii>r 


Ucspoiisc  ill 
mill.  ± S. !•). 


Stiitistic.'* 


.\.  Hclaxiii  prcpaiatioii  diliilcd  witli  saliiic 


s 

0.11 

12 

o  0.24+0.00 

5=0.702 

7 

0.23 

2,') 

0.43+0.1.5 

.><=0.031 

■ 

0 . 4  ■) 

.')0 

0.70  ±0. 18 

X  =0.041 

R.  (i-111, 

(liluti'd  with  20%  gelatin 

S 

0. 1 1 

12 

o  0.41+0.12 

5=0.01.5 

7 

0.23 

2.A 

0.07+0.14 

.X  =0.000 

8 

0.  1.') 

.iO 

0.78+0.11 

X  =0.008 

1 

0.0 

100 

1  .21  ±0.27 

Potency 

Ratio,  .U,  for 

(ielatiii 

SaliiK' 

1  .72  (1  .37  -  2.14)  at  /'  =  0.!t.5. 

Thi*  difTi'i'ciifc  l)ct  wci'ii  .slope's  (h)  was  not  si^iiilicaiit :  /•’=().ir). 

*  l  apiatioii  of  line,  !i=<i+hx. 
t<=s'()pp  of  the  line  assinned  liy  method  of  least  s'piares. 

•s  =  standard  error  of  estimate;  derived  from 

/  2(//  —  )■  cale.)- 
^  u’  -  2 

where  )'  calc,  is  the  value  of  1'  calculated  from  the  ecpiation  of  the  line,  and  o'  is  the  iiiim- 
lier  of  doses. 

X  is  till*  (‘rror  of  x  as  estimated  from  //  and  is  equal  to  .s  h. 


with  a  potency  of  111  guinea  pig  units  of  relaxin  per  ing.  dry  weight,  was 
di.ssolved  in  the  gelatin  medium  at  a  concentration  of  1000  (IPU  per  ml., 
and  was  then  heat-sterilized.  In  order  to  eliminate  any  harmful  effects  of 
this  procedure,  both  the  saline  and  the  gelatin  diluted  samples  were  made 
from  the  gelatin  stock  solution.  The  oO,  2o,  and  12. o  (JPU  doses  of  the 
saline  standard  therefore  contained  10,  o,  and  2.o%  of  gelatin,  respectively. 
Despite  this  handicap,  a  significant  increase  in  biological  activity  was 
demonstrated  with  the  u.se  of  the  gelatin  injection  medium  (Table  1).  The 
respon.ses  in  a  total  of  52  mice  tested  at  three  do.se  levels  of  the  standard 
(saline  dilutions)  revealed  a  potency  ratio  for  gelatin  saline  of  1.72  with  a 
range  of  1.37  to  2.14  at  a  P  value  of  9')%.  The  statistics  for  the  dose- 
respon.se  curves  showed  comfortably  low  values  for  the  coefficient  of  vari¬ 
ability  (X)  and  no  significant  difference  between  slopes  (b),  indicating  that 
the  a.ssay  comparison  was  valid. 


Relaxin  Innystate: 

\  purified  relaxin  preparation,  11-175,  with  a  specific  activity  of  175 
guinea  pig  units  per  mg.,  was  dissolved  in  saline  at  a  concentration  of  20 
mg.  (3500  (IPU)  per  ml.  Dilutions  of  the  stock  solution  were  then  made 
with  either  .saline  or  sodium  tungstate  solution.  All  solutions  were  acidified 
to  pH  4.5  before  injection.  The  tungstic  acid  treated  relaxin  formed  a 
white,  flocculent  precipitate  which  was  easily  suspended  by  shaking.  The 
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TaBI.K  2.  lA'KKt'T  OK  A  Tr.\<iSTlC  ACID  IN.IKCTION  MKDIIM  ON  KKI.AXIN  ASSAY  IN  MICK 


Xo.  of  mice 


l)os('  assayed 


MSJ.  (Il’U 


Hesponse  in 
mm.  ±  S.  1'. 


Helaxin  preparation  H-l7o,  in  saline 


Statistics* 


t 

H 

0 . 2.7 

0 .  .7 

1  .0 

44 

8S 

17.7 

0. 1!)  +0.01) 

0..‘t7  +0.08 

0.70  ±0  . .3 

7  =  0. 872 

.S'  =0.002 

X  =0.072 

H.  IM7.7in 

1  %  luiiijslie  Mcid 

7 

0 . 2.7 

11 

0.41  +0.18 

/»  =  ().  020 

7 

()..7 

S8  . 

0.77  +0.22 

.s=  0.007 

7 

1  .0 

17.7 

0.07+0. 1(1 

X=0.070 

*  I felined  in  Talile  1 . 

Tungstate 

I’otiMiev  Hatio,  M,  for  -  =  2.02  (l.o7  —  2.00)  at  /'  =  0.!).a. 

Saline 

The  (lifTermiee  hetwi'cn  slo))es  is  not  significant:  /'=0.40. 


results  of  a  comparison  assay  of  the  two  preparations  in  a  total  of  4)1  mice 
are  recorded  in  Table  2.  A  twofold  increase  in  relaxin  activity  was  achieved 
with  the  tunRstate  medium,  and  statistical  analysis  verified  that  the  hio- 
a.ssay  values  were  reliable. 

Polyvinylpyrrolidone  medium : 

Significant  but  still  minor  changes  in  relaxin  activity  had  been  observed, 
and  it  was  hoped  that  the  binding  properties  of  polyvinylpyrrolidone 
(PVT*)  would  prove  useful  (Schubert,  194S).  Two  consecutive,  submaximal 
doses  of  relaxin  R-17o  were  as.sayed  with  saline,  or  o,  10,  and  20%  PVP 
solution.  The  24-hour  response  to  each  do.se  was  obtained  (Table  d).  It  is 


TaBLK  3.  ThK  Oi'TI.MAT.  <\) \(' K  .\TRATI< )  N  <)l'  I'O  LY  \  I  \  Y  I.PY  HROM  DO  N  K 
FOR  A  RKFAXIN  IN.IKCTION  MKDICM 


No.  of 

Dose  assayed, 

H-17.7 

Hesponse  in 

mm.  +S.I';. 

.Me. 

cpr 

■Mialium 

( )ne  dose 

Two  doses 

8 

0.2 

.37 

Saline 

0.20+0.10 

0.27+0.00 

8 

0.2 

.3.7 

.7%  PVP 

0..30+0. 10 

0.43+0.13 

“ 

0.2 

3.7 

10%  PVP 

0  .  .74  0 . 23 

1  .00+0.32 

8 

0.2 

35 

20%  PVP 

0.00+0.13 

1  .07+0.11 

evident  that  a  significant  potentiation  of  relaxin  was  afforded  by  the  use 
of  I*VP,  and  that  a  concentration  of  10%  PVP  appears  to  be  adecpiate  to 
produce  this  effect. 

The  degree  of  enhancement  with  10%  PVP  was  examined  in  two  sepa¬ 
rate  assays,  the  results  of  which  are  summarized  in  Table  4.  The  dose- 
response  data  were  satisfactory  and  the  increase  in  relaxin  potency  was 
found  to  be  more  than  sixfold. 
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Tablk  4.  Effect  of  10%  i>olyvixyi,i>yrrolidoxk  meuii m 

ox  REI.AXIX  ASSAY  IX  MICE 


No.  of  iniee 

Dose 

Mg. 

assayed 

GPU 

Response  in 
niin.  ±S.E. 

Statistics* 

.\.  Preparation  R-175 

in  saliiii' 

7 

0.4 

70 

0.33+0.10 

f>  =0.071 

i 

0.5 

88 

0.20  +0.00 

.s  =0.000 

li 

1  .0 

1 75 

0.08+0.25 

X=0. 102 

H.  R-175  in  10% 

PVP 

0.1 

0.2 

0.1 

0.2 

17.5 

35 

17.5 

35 

0.55+0.21 

0.83  +0.23 
0.48+0.11 
0.00+0.18 

5  =  1  .00 

.V  =0.001 
,\  =0.00.) 

*  Defined  in  Table  1. 


PVP 

PoteiK'v  Ratio,  M,  for  ,  — — 
Salino 


0.28  (4.50  -  8.73)  at  /'  =  0.05. 


Ther<‘  is  no  significant  differenee  between  slopes  (/'’=0.00). 


Beeswax  in  oil  medium: 

.\t  this  stage,  it  was  still  not  possible  to  account  for  the  differences  in 
assay  values  for  the  two  ovarian  fractions  by  pharmacological  factors 
alone.  The  experience  of  Bruce  and  Parkes  with  beeswax-oil  enhancement 
of  corticotropic  activity  (10)  encouraged  us  to  continue  studies  with  depot 
relaxin,  using  a  similar  injection  medium. 

A  partially  purified,  low-potent,  relaxin  preparation  (H-12)  with  a  spe¬ 
cific  activity  of  12  (JPU  per  mg.  was  lyophilized  and  suspended  in  5% 
beeswax  and  oil.  An  aejueous  solution  of  the  same  extract  was  assayed  at 
the  same  time.  The  results  appear  in  Table  o.  In  terms  of  response,  con¬ 
verted  to  mouse  units  by  the  assay  method  of  Kliman,  Salhanick,  and 
-  Zarrow  (2),  the  wax-oil  medium  elicited  a  12.5-fold  increase  in  relaxin 
activity. 

Since  partially  purified  relaxin  retains  a  moderate  degree  of  activity  in 


Table  5.  Effect  of  wax-oil  i.xjectiox  medu  m  ox  the 

ASSAY  OF  LOW-POTEXT  REI  AXIX  IX  MICE 


Dose  assay 

ed,  H-12 

Response  in 

Mouse 

No.  of 

units 
jier  lug. 

mice 

Mk. 

CPE 

.Medium 

Him.  ±S.IC. 

5 

1 

12 

Saline 

0.3210.19 

5 

2 

24 

Saline 

0.54+0.20 

0.4 

0 

4 

48 

Saline 

0.9610.39 

8 

0.5 

0 

Wax-oil 

1 .0010.11 

5.0 

0 

1  .0 

12 

Wax-oii 

1  .3010.24 

„  ,  .  .  R-'.2  III  wax-oil 

Rased  on  unit  of  response,  -  =  12.. 5. 

H-12  in  saline 


r 


Xotrmbcr,  1 

'.V.J.V 

Tabi.k  (i. 

KXCH.VXTMKNT  of  relax IX 

Effect  of  \v.\x-oil  injection  .medii  m  on  the 

.\S.S.\V  OF  I’l  RIFIF.D  REI,.\XIN  IN  MICE 

.iOl 

No.  of 
inic(» 

I)o.> 

Mti. 

a*  a.ssa  ved, 

err 

H-175 

Medium 

Res|)onse  in 
in  in.  ±  S.  !■;. 

S(ali«(ics* 

1(1 

0 . 2.i 

44 

Saline 

0..il  +0.00 

li  =  ().70 

10 

() .  5 

88 

Saline 

0.78+0.20 

.s=0.02.i 

10 

1  u 

175 

Saline 

0.00  ±0.10 

X=0.031 

8 

(I.Odl.ib 

0.27 

Wax-oil 

0.08+0.03 

li  =  l  .()4.i 

8 

((.00.313 

0 . 0.1 

Wax-oil 

0.43+0.18 

•s  =0.02.1 

!» 

0.0()(>2r) 

1  .()<( 

Wax-oil 

0.71  ±0.23 

X  =0.021 

*  Dofiiu'd  in  Table  1. 

• 

R-17o  ill 

Wax-(  )il 

I’otenev 

Ratio,  .1/,  lor 

-  "  -  "  =  (i.i.(j  (> 

.iO.4  -  72.4)  a(  /'  = 

=  O.O.i. 

U-175  ill 

Saline 

The  (liffen'iiee  betweei; 

1  slopes  is  not  sif{nificaiit  (/•'  = 

=  0.40). 

the  mouse  bioassay. 

it  seemed  desirable  to  ; 

study  a  more  purified  relaxin 

preparation  than  H-12.  A  sample  of  relaxin  H-17o  was  lyophilized  and  tlien 
assayed  in  saline  and  in  beeswax-oil.  Pelvic  ligament  growth  was  measured 
in  a  total  of  oo  miee.  A  quite  formidable  potentiation  of  relaxin,  approxi- 
,  mately  60-fold,  was  reeorded  (Table  6).  A  dose  of  only  6.2o  juR-  ii‘  wax-oil 
proved  to  be  as  effeetive  as  oOO  in  saline  solution.  The  depot  prepara¬ 
tion  produeed  one  mouse  unit  of  response  with  the  injeetion  of  one  guinea 
pig  unit  of  relaxin,  thereby  exceeding  the  effeetiveness  of  erude  relaxin 
extracts  which  contain  only  0.1  mouse  unit  for  each  guinea  pig  unit  of 
relaxin. 

To  rule  out  the  po.ssibility  that  the  mouse-active  fraction  was  present 
in  all  preparations  and  was  potentiated  by  some  means  such  as  protection 
from  tissue  inactivation,  a  concentrate  of  mouse-active  fraction  was 
studied.  Kxtract  X-4  was  assayed  at  effeetive  dose  levels  in  saline  .suspen¬ 
sion,  and  at  slightly  lower  dose  levels  in  wax-oil  in  an  attempt  to  detect 
even  a. slight  enhancement  (Table  7).  To  the  contrary,  an  actual  decrease 
in  assay  response  occurred.  It  is  also  evident  that  the  medium  itself  was  not 
biologically  active. 

.\  summary  of  the  effects  of  the  depot  media  tested  appears  in  Figure  1. 
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Xo.  of  mice 

Dose  a: 

M(J. 

ssayed,  X-4 

Medium 

Response  in 
mm.  ±S.E. 

Mouse  units 
jier  ms. 

0 

5 

Saline 

0.4810.17 

0.20 

7 

10 

Saline 

0.91)  ±0.1!) 

7 

1 

Wax-oil 

().(M)+().()4 

<0.10 

■ 

2 

Wax-oil 

0.11  ±0.12 

Based  on  iini( 

of  response, 

X-4  in  wax-oil 

X-4  III  saline 
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EFFECT  OF  INJECTION  MEDIUM  ON  RELAXIN  ACTIVITY 


RELATIVE  POTENCY  OF  DEPOT  RELAXIN 
COMPARED  TO  RELAXIN  IN  SALINE 

Fig.  1.  riu'  (‘iihiiiiccincnt  (»f  rclaxiii  action  in  mice  liy  a  variety  of  dcjiot  injection 
media.  The  aqueous  standard  solution  is  arliitrarily  assifjned  a  value  of  one.  The  lirackets 
enclose  the  9o  jrer  cent  limits  for  tlu>  potency  ratio  of  unknow  n  standard. 

DlSt'USSlOX 

W’lien  purified  relaxin  proved  to  he  a  weak  .sliinulu.s  to  puhie  ligament 
Kfowtli  in  mice,  the  efi’eet  of  the  purifieation  proeess  on  tlie  aetivity  of 
erude  ovarian  extraet.s  was  invt'stifjiated.  At  first,  with  the  isolation  of  an 
ovarian  fraetion  whieli  was  potent  for  iniee  l)Ut  not  for  guinea  pigs,  the 
existenee  of  a  speeies  speeifie  “mouse  relaxin”  was  postidated  (1).  This 
explanation  was  soon  modified  in  the  attempt  to  aeeount  for  a  numhei’  of 
diserepaneies.  It  seemed  unlikely  that  the  hlood  serum  of  pregnant  rahhits 
and  the  ovaries  of  pregnant  sows  both  contained  hormones  which  were 
species  specific  for  mice  and  guinea  pigs.  .Vlso,  the  ratio  of  relaxin  content 
to  mouse  relaxin  content  was  curiously  similar  for  extracts  from  these  two 
sources,  and  intermediate  do.se  levels  of  relaxin  produced  a  typical  dose- 
response  curves  in  the  mouse  hioassay  (R),  although  the  higher  dose  levels 
which  were  tested  in  this  study  gave  reliable  assay  results.  The  demon¬ 
stration  that  intraperitoneal  injection  could  reduce  the  a.s.say  activity  of 
relaxin  or  of  mouse-active  fraction  in  mice  confirmed  the  importance  of 
pharmacological  factors,  but  accounted  for  not  more  than  a  twofold  altera¬ 
tion  in  activity  (3). 

The  mouse-active  fraction  of  sow  ovaries  is  notably  less  soluble  than 
relaxin,  and  is  not  in  a  well  concentrated  state  as  yet  so  that  it  must  be  in¬ 
jected  in  a(iueous  suspension.  Relaxin,  on  the  other  hand,  is  highly  soluble 
(()),  and  is  rapidly  absorbed  from  the  ti.ssues  and  rapidly  eliminated  from 
the  blood  (11).  Accordingly,  various  injection  media  were  tested  with  the 
intention  of  delaying  the  absorption  of  relaxin  from  the  injection  site.  The 
results  bear  a  close  re.semblance  to  thoi^e  found  during  the  development  of 
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loiifi-actiiiv;  A('TII  pivpaialions  (12).  A  \vat(‘r  soluhle  modiuin,  20^v, 
•ic'latin,  and  a  relaxin  tun^stalo  coiuplc'x  (‘acli  increased  llie  effectiveness 
of  relaxin  hy  about  twofold.  Tin*  familiar  plasma  sul)stitule,  polyvinyl¬ 
pyrrolidone  (PVP),  has  an  unusual  ability  to  bind  proteins  and  certain 
dyes  (bi).  The  use  of  I’VP  in  concentrations  of  10  or  more  per  cent  in 
water  led  to  a  sixfold  enhancement  of  purified  relaxin.  Tliis  medium  is  tlie 
easiest  of  all  to  prepare  and  inject  since  it  is  acpieous  and  flows  well  at 
room  temperature. 

Mixtures  of  beeswax  in  oil  liave  been  used  to  prolong  the  action  of  hista¬ 
mine  (S),  desoxycorticosterone  acetate  (14),  penicillin  (9),  curare  (15), 
.VCTH  (10)  and  other  drugs  and  hormones.  A  suspension  of  lyophilized 
relaxin  in  5%  beeswax  in  oil  proved  to  be  higldy  effective  for  the  induction 
of  pelvic  ligament  growth.  The  degree  of  eidiancement  for  two  relaxin 
l)reparations  of  different  potency  appeared  to  be  correlated  with  the  relaxin 
content  so  that  one  to  two  guinea  pig  units  elicited  a  response  ecpiivalent 
to  one  mou.se  unit.  Since  preparation  1\-175  was  enhanced  bo-fold  wliile 
the  mouse-active  fraction  lost  50%  or  more  of  its  activity  in  this  medium, 
the  overall  alteration  in  relaxin  assay  amounted  to  at  least  130-fold.  It  is 
.also  significant  that  this  depot  medium  cau.sed  purified  relaxin  to  surpass 
the  effectiveness  of  crude  relaxin-containing  extracts  of  sow  ovary.  Previ¬ 
ous  comparisons  of  a  group  of  ovarian  extracts  have  shown  a  OOO-fold 
discrepancy,  on  the  basis  of  guinea  pig  units,  between  mou.se-active  frac¬ 
tion  and  relaxin  when  tested  in  the  mouse  (3).  Although  one  extract,  52-2, 
appeared  to  show  an  even  greater  change,  it  was  not  available  in  sufficient 
(luantity  to  assay  thoroughly  and  no  other  preparations  have  exceeded  the 
(iOO-fold  limits.  Theie  thus  remains  a  4-  to  5-fold  difference  in  assay  ef- 
fectivene.ss  that  cannot  be  directly  accounted  for,  although  the  errors  in¬ 
herent  in  the  comparison  of  two  different  bioassay  procedures  are  probably 
large.  It  is  also  possible  that  the  wax-oil  medium  relea.ses  relaxin  too  slowly 
for  oj)timal  effects,  which  would  also  explain  the  decreased  effectiveness  of 
mou.se-active  fraction  in  the  depot  medium.  The  actual  retpiirements  of 
pubic  ligament  growth  for  relaxin  from  hour  to  hour  are  unknown,  and 
the  S-hour  lag  period  which  follows  the  injection  of  either  ovarian  fraction 
into  mice  (2)  may  well  represent  a  period  during  which  high  blood  levels 
of  the  hormone  are  not  utilized.  In  any  event,  it  is  clear  that  the  pharma¬ 
cological  properties  of  the  extracts  to  be  a.s.sayed  are  of  paramount  im- 
!K)itance.  It  also  appears  that  the  two  ovarian  fractions  are  closely  related 
ind  that  the  mouse-active  fraction  represents  a  slowly  mobilized  form  of 
relaxin. 

What  is  the  nature  of  the  mouse-active  fraction?  This  substance  con¬ 
tains  small  amounts  of  relaxin,  gives  the  characteristic  te.st.s  for  protein, 
;  nd  retains  biological  activity  when  it  is  solubilized.  Mouse-active  fraction 
I  ould  be  a  high  molecular  weight  analogue  of  relaxin  or  a  simple  complex 
'  f  relaxin  with  ti.s.sue  proteins.  On  the  ba.sis  of  chemical  studies,  Frieden 
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and  Hisaw  ((i)  cniichnk'd  that  relaxiii  is  present  in  a  eoinplexed  form  with¬ 
in  the  ovary.  We  liave  recently  found  that  purified  relaxin  binds  poorly  to 
albumin  or  to  protamine  and  zinc,  which  suggests  that  the  mouse-active 
fraction  is  more  than  a  simple  binding  product  of  relaxin.  The  physiological 
role  of  the  mouse-active  fraction  is  uncertain  as  yet,  but  it  may  be  that  it 
is  a  secretion  form  of  the  relaxative  hormone  and  that  the  purification 
process  splits  off  the  biologically  active  sub-unit,  relaxin. 

Several  procedures  have  been  proposed  for  the  bioa.ssay  of  relaxin.  The 
guinea  pig  palpation  a.ssay  (0,  7)  has  proved  reliable  in  the  past,  but  is 
inherently  subjective  in  character  and  yields  only  qualitative  estimates  of 
activity.  Studies  of  electrometric  dilution  potential  changes  in  the  pubic 
symphysis  of  the  guinea  pig  are  promising,  although  the  data  publi.shed 
thus  far  reveal  a  respon.se  curve  which  is  unfavorable  for  a.ssay  since  four¬ 
fold  gradations  in  do.se  levels  were  used  ( Ki).  The  first  attempt  to  develop  a 
roentgenographic  assay  for  relaxin  in  guinea  pigs  yielded  results  which 
were  too  variable  for  any  practical  assay  (17).  Marois,  Xataf,  and  Alarois 
(18)  used  higher  doses  of  relaxin  and  a  I'i-hour  respon.se  period,  and  ob¬ 
tained  .separations  of  the  pubic  symphysis  of  guinea  pigs,  as  mea.sured  by 
x-ray,  which  may  prove  useful  for  assay,  but  a  typical  dose-respon.se  curve 
has  not  been  reported.  X-ray  studies  of  pubic  separation  in  mice  revealed 
that  purified  relaxin  was  relatively  ineffective  compared  to  crude  extracts 
(1),  and  this  method  of  assay  was  reserved  for  the  study  of  mou.se-active 
fractions  of  relaxin  extracts  (2).  Dorfman  e(  al.  (19)  proposed  an  assay  in 
mice,  based  on  the  low  level  of  response  to  multiple  do.ses  of  relaxin,  but 
reported  a  dose-response  curve  with  a  high  coefficient  of  variability  (X)  of 
40%,  which  is  unfavorable  for  a.s.say. 

Xow  that  the  activity  of  relaxin  can  be  routinely  enhanced  in  mice,  the 
method  of  assay  propo.sed  by  Kliman,  Salhanick,  and  Zarrow  (2)  modified 
to  include  the  use  of  depot  media  appears  to  be  the  one  of  choice. 
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hL()('KAl)K  OF  OVULATION  IN  THE  RAT  BY 
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Cnlifornia  at  /,os  Angeles 

ABSTRAC'T 

To  (Ictcrniinc  wlicthci'  or  not  tlic  inidlnain  is  involvocl  in  tlu‘  conti’ol  of 
ovulation,  laiKv  nn‘s«‘nc(“j)lialic  lesions  have  been  plaeed  in  7(i  rats  on  the  inoi  n- 
iiifi;  of  pro(‘strns,  i)rior  to  the  “eritieal  period.”  When  examined  ai)i)roxiinately 
24  hours  later,  52  of  the  lesioned  rats  had  failed  to  ovulate  as  evideneed  by  the 
laek  of  tubal  ova.  Thirty-seven  of  these  “bloeked”  animals  were  maintained 
until  the  morning  of  the  seeond  day  after  lesioniiif'  and  22  were  still  bloeked; 
the  I'emaininK  15,  however,  had  tubal  ova,  indieatinK  that  ovulation  had  nunely 
been  delayed  24  hours.  Fourteen  rats  which  faih'd  to  ovulate  by  the  seeond  day 
followiiif!;  lesioninn  were  e.xamined  at  autopsy  on  the  third  day;  13  of  these 
still  had  not  ovulated.  .V  comparison  of  the  lesions  res|)on.sible  for  the  three 
tyjH's  of  results,  i.e.  no  blockade,  transient  bloekade  or  blockade  for  two  oi' 
three  days,  icvealed  that  the  lesions  associated  with  the  failure  to  ovulate 
for  two  or  thret' days  involved  an  area  of  the  brain  stem  that  was  not  destroyetl 
by  the  other  h'sions.  The  area  that  apj)ears  to  be  essential  to  ovulation  is  located 
ventro-medially  in  the  mesodiencei)halie  junction.  The  portion  of  the  mammil¬ 
lary  peduncle  located  rostrally  to  the  interpeduncular  nucleus  seems  to  fulfill 
most  completely  the  anatomical  criteria  imj)osed  by  the  lesion  data.  This  and 
adjacent  structures  are  diseussed  as  to  a  possibh*  role  subserved  in  ovulatory 
mechanisms.  No  sijccific  behavioral  deficit  was  found  to  sifjnal  an  “effective” 
lesion.  The  finding  that  massive  destruction  of  tin*  midbrain  tegmentum  and  the 
resulting  somnolence  are  compatible  with  ovulation  .xeems  to  rule  out  the  possi¬ 
bility  that  neural  mechanisms  uiuh'rlyinfj  behavioral  arousal  are  erucially 
involved  in  this  neuroendocrine  |)henomenon.  It  may  be  that  some  other  mid- 
brain-di(“ncephalic  “activating  sy.stem,”  unrelated  to  sleep-wakefulness,  con¬ 
trols  the  cyclic  release  of  pituitary  ovulating  horimme  in  this  “spontaneously” 
ovulating  form. 

Many  pharmacological  agents  have  been  demonstrated  to  block  ovu¬ 
lation  in  the  rat  if  administered  so  as  to  be  effective  during  a  two- 
hour  “critical  period”  on  the  day  of  proestrus  (1).  The  mechanisms  by 
which  these  various  agents  exert  their  effects  are  obscure.  Sawyer  cl  al.  (2) 
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have  pointed  out  that  ovulation-l)lo(*kin^:  doses  of  atropine,  pentol)arl)ital 
(Nembutal)  and  inoiphiiK'  have  certain  effects  in  common:  they  all  pro¬ 
duce  hiKh-amj)litude  slow  waves  in  the  electroencephalogram  (JOhXJ)  and 
all  raise  the  threshold  of  h'd'Xl  arousal  induced  by  stimulation  of  the  mid¬ 
brain  reticular  formation.  On  this  basis,  it  was  suggested  that  the  mid¬ 
brain  reticular  substance,  as  it  is  conceived  to  function  in  a  diffuse  arousal 
system  (d),  might  be  involved  in  the  neurogenic  phases  of  the  ovulatory 
process.  More  recently,  chlorpromazine  (4)  and  ethyl  alcohol  (5),  in  doses 
which  block  ovulation,  have  been  found  to  produce  similar  changes,  and 
it  has  been  suggested  that  the.se  agents  may  also  exert  their  ovulation¬ 
blocking  effects  through  the  reticular  formation. 

Further  evidence  implicating  the  midbrain  in  reproductive  processes 
has  been  recently  obtained  by  Kawakami  and  Sawyer  (1,  0).  Using  cas¬ 
trate,  estrogen-primed  female  rabbits  with  electrodes  chronically  placed 
in  the  brain,  these  workers  have  ob.served  altered  thre.sholds  in  the  arousal 
.system  that  parallel  the  secpiential  facilitatory  and  inhibitory  actions  of 
l)roge.sterone  on  the  release  of  ovulating  hormone. 

The  purpo.se  of  the  pre.sent  experiments  has  been  to  investigate  more 
directly  the  po.ssibility  of  midbrain  involvement  in  gonadotrophic  func¬ 
tions  by  studying  the  effects  of  me.sencephalic  lesions  on  ovulation  in  the 
rat.  This  form  is  well-suited  for  such  studies  because  of  the  apparent  en- 
cephalization  of  the  neural  elements  essential  to  ovulation.  Unlike  the  con¬ 
dition  existing  in  reflex  ovulators,  there  is  no  dependence  upon  the  rapid 
triggering  effects  of  genital  stimulation  that  must  be  transmitted  via  affer¬ 
ent  pathways  traversing  the  midbrain.  Therefore,  effective  mesencephalic 
lesions  in  the  rat  should  be  more  specific  in  implicating  this  region  in  cen¬ 
tral  mechanisms  involved  in  the  relea.se  of  ovulating  hormone. 

In  planning  an  approach  with  which  to  explore  the  effects  of  midbrain 
lesions  on  ovvdation,  it  was  anticipated  that  large  lesions  in  this  area  of  the 
brain  stem  would  result  in  comatose  animals.  To  avoid  the  complications 
to  pituitary  physiology  that  would  be  introduced  by  .such  a  chronic  condi¬ 
tion,  these  experiments  were  designed  to  examine  the  short-term  effects 
of  mesence])halic  lesions. 


MATERIALS  AXI)  METHODS 

Scvciity-six  mature  Spraffue-Daw  ley  female  rats,  weiKhiuf!;  between  230  and  2S() 
i£m.,  wi'K'  used  in  these  experiments.  Controlled  lisbtinf>;,  with  14  hrs.  of  artificial  linht 
per  day.  was  used  to  establish  a  predictable  two-hour  “critical  jxuiod”  duriufi;  whi(di 
time  tin*  nervous  .sy.stem  partici])ates  in  the  release  of  ovulating  hormone  (7).  .Vll  ani¬ 
mals  were  maintained  under  these  conditions  for  at  least  three  weeks  befon*  beinn  used. 
The  stages  of  the  estrous  cycle  were  determined  by  vaginal  smears  taktm  daily  excej)! 
.Sunday  between  8:30  and  9:00  a.m. 

.\  Birtcdier  Blendtone  electro-surgical  unit  was  usc'd  as  the  source  of  a  2.7  mc])s.  co¬ 
agulating  current  which  was  applied  foi  0-10  seconds  through  two  stainless  steel  insect 
pin  electrodes.  The  electrodes  were  spaced  1  mm.  apart  and  the  tips  w('re  bared  of 
insulation  for  a  distance  of  api)ro\imately  1  mm. 
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Ans 

Aiiiiuals  \v«‘r(“  s<'l('ct»‘«l  on  tlic  luoriiiiiK  of  procstnis,  aiifstln'tizcfl  witli  ('tlior,  (ixod 
in  a  stereotaxic  instrument,  and  lesions  produced  as  described  al)ove.  All  lesions  were 
eoinjilete*!  at  least  90  inimib's  inior  to  the  established  “critical  period.”  To  obtain  the 
necessary  dc'struction  in  the  transverse  plane',  three  entries  wen'  made  routinely  into 
the  brain  with  the  pair  of  h'sioniiif;  electrodes;  one  across  the  midline  and  one  immedi- 
ati'ly  on  ('itlu'r  side'.  Le'sie)ns  we'ie'  e»ccasie)nall>'  place'el  at  se'veral  ele)rse)-ventral  levels, 
ele'pe'iielins  e»n  the'  are'a  eef  eh'structiem  eh'sire'el. 

Thirty-nine  rats  were  kilh'el  with  ether  eui  the  men  nins  folleewiiift  h'sieeniiiK  nnel  ex- 
amiiU'el  for  tubal  e>va  acceereliiiK  te)  the'  nu'theiels  ele'scribe'el  by  Kve'rett  (N).  Ovulatiem  was 
e'e)nsiele're'el  te)  have  be'en  ble)cke'el  if  tubal  eeva  were'  ne)t  feeiinel.  Seeine  eevarie's  were  placeel 
in  SrS.V  fixative,  imbe'eleh'el  in  paraffin,  serially  se'ctiejiu'el  at  10^,  staine'el  with  hema- 
teexylin  and  ('e)sin  anel  examine'el  histeeleenically.  In  ne)  case  were  the  finelings  e)f  such  an 
e'xaminatie)!!  ce)ntraelictory  te)  the)se'  e)btaine'el  at  aute)psy. 

In  e)reler  te)  stuely  me)re  pre)le)n>;eel  effects  e)f  mielbrain  eh'structie)n  on  the  ovulatory 
pre)e'e'ss,  .37  rats  we'ie'  maintaine'el  be'yeenel  the  first  elay  pe)st-le'sie)ninK;  23  of  these  animals 
were'  aute)psie'el  afte'r  twe)  elays  anel  14  we're'  auteepsieel  after  thre'e  elays.  The  latter  greeu]) 
allowe'el  eebservatieen  threeuffheeut  the'  full  three'-elay  follicular  cycle  defineel  by  Evere'tt 
anel  Sawyer  (9).  This  extension  e)f  the  jie'rieeel  e)f  eebservatieen  reepiire'e!  a  e'eerre'late'  e)f 
le'sieen-ineluceel  bleee'kaeh'  eef  eevulatieen  which  eliel  ne)t  ne'cessitate'  bilateral  eevariecteemy  at 
the'  first  e'xaminatieen.  Such  a  ceerrelate  was  furnislu'el  by  the  eebservatieen  of  elisteneh'el. 
fluiel-filh'el,  preee'strous  ute'ii  in  14  eif  l.i  rats  that  faih'el  te)  e)vulate'  in  the  serie's  of  animals 
aute)i)sie'el  24  hrs.  afte'r  lesieeniiiK.  Similar  ute'ii  have  neve'r  be'e'ii  se'on  in  1.50  animals  ex- 
amiiu'el  feellowinn  eevulation.  Thus,  elisteneh'el  ute'ii  on  the  morning  following  proestrus 
anel  uneler  the  conelitions  impei.seel  by  mielbrain  h'siems  ajipe'ar  inelieative  of  blockade  of 
eivulatiem. 

Twe'iity-femr  heiurs  after  elestreiying  a  pention  e)f  the  mielbrain,  the  rats  were  ane's- 
tlu'tize'el  with  ether,  the  abdomen  opene'el  anel  a  uterine  horn  I'xamined.  If,  in  a  giv'en 
animal,  the'  ute'ius  was  eliste'iieleel,  eivulatiem  was  e'emsielereel  te)  have  be'en  blocked  anel 
the  incisie)!!  was  cle).s('el.  If  the  uterus  was  ne)t  eliste'iieleel,  an  eivary  was  re'inoved  and  e.x- 
amine'el  for  tubal  ova.  Most  eivaries  from  this  series  e)f  animals  were  jnocesseel  as  eh'- 
.scribe'el  jireviously  anel  stuelie'el  liisteileigically  te)  verify  the  finelings  obtaine'd  eluring  the 
e'xaminatie)!!  feir  tubal  eiva.  Examination  of  one  ovary  is  a  valiel  assay  for  ovulation; 
only  thre'e'  enit  eif  90  rats  have'  bee'ii  obse'i  ve'el  te)  e)vulate!  unilaterally.  If  no  ova  were 
fe)unel  in  the  tube,  it  was  e'e)ncluele'el  that  e)vulatie)n  hael  faileei  to  occur  anel  the  animal 
was  save'el  feer  .stuely  een  the'  folleewing  elay.  If  e)va  were  feeunel,  the  rat  was  sacrificeel.  All 
animals  stuelie'el  beyeenel  the  first  elay  afte'r  lesieening  were  maintaineel  with  periodic  feed¬ 
ings  of  .5%  elextrose  in  neermal  saline  anel  milk,  aelministere'el  by  stomach  tube. 

On  the  morning  e)f  the  seconel  elay  feellowing  lesieening  the  abelominal  incisions  were 
re'eejie'iu'el  uiieh'r  e'the'r  aiu'sthesia  anel  an  eevary  re'inove'el  feer  micreesceeiiic  examination. 
In  the'  e'ase'  e)f  rats  which  hael  re've'ah'el  eliste'iieh'el  ute'ii  on  the'  jire'vieuis  elay,  this  step  in 
the  jueice'ilure'  re'sulte'el  in  unilate'ial  eivariectomy.  Feir  those  fremi  which  an  ovary  hael 
be'e'ii  renmve'el  eluring  the  iirevienis  examinatiem,  this  step  amemnte'el  te)  teital  castration 
anel  tlu'y  we'ie'  sacrifice'el  anel  the'  brains  re'ineive'el.  Rats  which  surviveel  the  seconel  elay 
with  a  unilate'ial  eivarii'ctomy  anel  a  maintaine'el  bleick  were  retaineel  until  the  succeeel- 
ing  elay  at  which  time'  they  we'ie  sacrifice'd  anel  the  brains  anel  remaining  ovaries  re- 
move'el.  This  lueiteece)!  is  illustrate'el  eliagrammatically  in  Figure  1. 

He'cause  of  the  peiss  bility  that  a  behavioral  eleficit  might  be  correlateel  with  blockaele 
e)f  eivulatiem  in  animals  with  large'  h'siems  in  the  mielbrain  tegmentum,  peist-lesion  be'- 
liavior  was  observeel  with  special  attentiein  elevote'il  to  the  elegree  of  spontaneous  ac¬ 
tivity  exhibiteel  anel  the'  respein.ses  eveike'd  by  a  variety  of  senseiry  stimuli.  Righting  re'- 
fle'xes  anel  responses  te;  nocice'ptive  stimuli  were  te'sted  reeutinely.  Be'cause  several  rats 
elie'el  with  temjierature'S  in  exi'e'ss  of  41°  (',  rectal  tempe'ratures  we'ie  taken  at  intervals 
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Fig.  1.  Protocol  followed  to  exteiifl  the  pei  iod  of  observation  of  the  eff(>ets  of 
midbrain  lesions  on  ovulation. 

so  that  animals  could  b(‘  cooled  by  watei-immersion  if  necessary.  'I'ln'se  emergency 
measures  were  carried  out  when  temi)eratures  exceeded  39°  ('. 

.V  potential  comidication  in  the  study  of  the  effects  of  midbrain  lesions  on  the  release 
of  ovulatin}?  hormone  in  the  rat  is  related  to  the  position  of  tin*  pituitary.  The  hy])0])hysis 
is  large  and  underlies  the  midbrain  and  rostral  pons.  Therefore,  in  studying  the  effects 
of  mesencephalic  lesions,  the  possibility  of  a  blockade  of  ovulation  due  to  inadvi'itcmt 
pituitary  damage  must  be  considered  and,  if  jrossible,  eliminated.  The  following  pro¬ 
cedures  were  adopted  in  an  attempt  to  control  this  problem. 

1)  Examination  of  pituitaries  at  autopsy. — Following  the  removal  of  brains,  pitui- 
taries  were  examined  under  a  dissecting  microscoi)e.  Extension  of  the  lesion  to  the  gland 
was  easily  recognized  and  when  minimal  it  ajjpeared  as  a  slightly  hemoirhagic  flai('. 
.More  extensive  involvement  was  marked  by  discolored  and  coagulated  tissue  and, 
occasionally,  electrode  tracks.  .Animals  with  damagt'd  pituitaries  were  discarded. 

2)  Pituitary  lesions. — To  check  the  possibility  that  unrecognizable  i)ituitarv  damage 
residting  from  edema  and  mechanical  pressures  might  be  r(“si»onsible  for  the  failure  to 
ovulate,  eh'ctrodes  were  deliberately  inserted  into  the  hypophyses  of  10  rats  and  lesions 
produced.  The  location  and  extent  of  such  lesions  and  the  effects  on  ovulation  were  de¬ 
termined  at  autojrsy  on  the  following  moi  ning.  Some  glands  were  sectiom'd  and  studied 
iiistologically;  however,  no  attempt  was  made  to  grade  the  amount  of  damage  j)roduced. 

.Vt  the  completion  of  all  expeiiments,  brains  were  removed  and  fixed  in  10%  formalin. 
Some  brains  were  imbedded  in  10%  gelatin  following  fixation  in  order  to  lueserve 
'(‘sioned  areas.  In  either  cas(',  frozen  sections  wcue  cut  at  a  thickiu'ss  of  S{)p  and  every 
ither  section  saved  and  stained  with  thionin.  Sagittal  reconstructions  wen*  made  rou- 


fr 
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tiiifly  for  juirposcs  of  localization.  'I'lic  final  antcro-postciior  and  dorso-xcntral  dimen¬ 
sions  of  each  lesion  were  derived  hy  plottinji  the  area  of  the  hrain  stem  destroyed 
bilaterally  .o  nun.  from  midline.  I)efinin>>;  the  lesions  in  this  manner  served  to  eliminate 
the  asyinmetrieal  i)ortions  of  the  lesions  and  allowed  an  estimati'  of  tlu'  d(‘t;re(‘  of  de¬ 
struction  in  the  medial  aspect  of  the  hrain  stem  which,  as  will  la*  indicated  lati'r,  appears 
essential  to  the  ovulatorv  process. 


ItESULTS 

Of  tlie  7()  rats  lesioned  in  the  midhrain  on  the  lnoI■ninf^  of  proestrus,  52 
lacked  tultal  ova  when  examined  approximately  24  hrs.  later.  Thirty-seven 
of  these  “blocked”  animals  were  maintained  until  the  morning  of  the  .sec¬ 
ond  day  after  lesioning  and  22  were  .still  blocked;  lo,  however,  had  tubal 
ova,  indicating  that  ovulation  had  merely  been  delayed  24  hrs.  F'ourteen 
rats  which  failed  to  ovulate  by  the  second  day  following  lesioning  were 
examined  at  autopsy  on  the  third  day  and  13  still  had  not  ovulated.  These 
results  are  summarized  in  Table  1. 


Fig.  2.  B,  C’.  Photoinicrograph.s  of  lesions  that  failed  to  block  ovulation.  1).  Com¬ 
posite  diagram  of  the  area  destroyed  by  all  lesions  that  failed  to  block  ovulation  (Group 
2).  The  following  abbreviations  are  used  in  this  and  subserpient  diagrams.  ('C,  Cori)us 
callosum;  HM,  X.  habenularis  medialis;  HPC,  Hippocampus:  HT.  Habenulo-inter- 
peduncular  tract;  IP.  \.  interpeducularis;  .M,  Massa  intermedia;  M.M,  X.  mammillaris 
medialis;  OCH,  ()j)tic  chiasma;  I*.  Pons;  PI).  Pars  distalis;  PM,  ]’{‘duncle  of  mammillary 
body;  SC.  Sui)erior  colliculus;  SP,  Se])tum  irellucidum;  III  V.  Third  ventricle. 
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SlMMAKY  t)F  THK  M  MBKR  OK  RATS  KXAMINEl)  AND  KOI  ND  BI.OCKKD  (KAll.l  RK 
TO  OVI  I.ATE)  on  days  KOl.I.OWINO  l.F.SIONINC  OK  THE  MIDBRAIN 


l>l()ck(‘(l”  rats  carried  over  I’roni  day  I. 
'l)loeked”  rats  carried  over  I’roiii  rlay  2. 


To  facilitalc  the  prosentation  and  interpretation  of  tlie  data,  the  71) 
animals  are  grouped  as  follows:  • 

(Iroup  l.“  Fifteen  rats  were  autopsied  and  found  to  laek  tuhal  ova  on 
the  morning  following  lesioning.  Because  it  was  subsequently  found  that 
-10.0%  of  the  animals  that  are  “blocked”  on  the  first  day  ovulate  prior  to 
the  second,  no  reliance  could  be  placed  on  the  “permanence”  of  the  block¬ 
ade  produced  in  these  rats  and  they  were  eliminated  from  further  con¬ 
sideration. 

(Iroup  2.  Twenty-four  rats  had  tubal  ova  when  autopsied  approxi¬ 
mately  24  hrs.  after  lesioning.  Photomicrographs  of  several  lesions  and  a 


Fk;.  .‘1.  A,  li.  ('.  Pliotoinieronriiplis  of  h'sions  tliat  delayc'd  ovulation  for  one  day. 
1).  Composite  diagram  of  the  area  de.stroyed  by  all  lesions  that  delayed  ovulation 
((Iroup  4). 
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composite  diagram  of  the  area  of  destruction  produced  by  all  of  the  lesions 
in  this  group  of  animals  are  shown  in  Figure  2. 

Clroup  3. — Eight  rats  failed  to  ovulate  prior  to  the  termination  of  ex¬ 
perimental  procedures  at  autopsy  on  the  second  day  post-lesioning. 

(Iroup  4.  Sixteen  rats  failed  to  ovulate  on  the  night  following  lesioning 
but  did  ovulate  subsequently.  Fifteen  of  the.se  animals  ovulated  between 
the  first  and  second  days  after  they  were  lesioned  and  one  rat  ovulated 
between  the  .second  and  third  days.  Hepre.sentative  lesions  and  the  com¬ 
posite  group  diagram  are  shown  in  Figure  If. 

(Iroup  5.  Thirteen  rats  were  maintained  for  three  days  after  being 
lesioned  without  ovulating.  Becau.se  only  one  animal  out  of  14  ovulated 
following  two  consecutive  days  of  blockade,  the  lesions  of  group  3  are  con¬ 
sidered  significant  and  are  added  to  tho.se  of  this  group.  Figure  4  illustrates 
some  of  the  lesions  that  blocked  for  three  days  and  the  composite  diagram 
derived  from  groups  3  and  o. 

To  investigate  the  po.ssibility  of  an  anatomical  basis  for  the  results 
obtained,  the  composite  diagrams  of  the  various  groups  were  compared.  As 
shown  in  F'igure  oA,  .superimposing  the  composite  diagram  from  group  2 
(Fig.  2)  on  that  of  groups  3  and  o  (Fig.  4)  suggests  that  lesions  which  block 
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Fig.  5.  Coinjiarisoii  of  tlic  areas  dc'stroycMl  in  tlu*  various  lesioned  animals. 

\.  Result  of  sui)erimj)osinK  tlie  eoinposite  lesion  diagram  from  animals  whieli  ovulated 
(Grouj)  2,  Fig.  2)  on  the  diagram  from  those  whieh  weic  blocked  for  two  and  three  days 
(Groups  3  and  5,  Fig.  4).  The  darkly-stippled  area  is  eommon  only  to  tho.se  lesions  that 
hloekc'd  ovulation  for  two  or  three  days.  H.  Result  of  superimposing  the  eompositi'  lesion 
diagrams  from  animals  whieh  ovulated  (Grouj)  2,  Fig.  2),  animals  whieh  demonstrated 
delayed  ovulation  (Group  4,  Fig.  3)  and  animals  whieh  were  blocked  for  two  and  three 
day.s  ((iroups  3  and  5,  Fig.  4).  d'he  darkly-stippled  area  is  eommon  oidy  to  those'  lesions 
that  blocked  ovulation  for  two  or  thre'C'  days. 

ovulation  for  two  or  three  day.s  involve  an  area  of  the  hrain,  indieated  hv 
the  dark  stippling,  whieh  is  not  included  in  lesions  failing  to  block  ovulation. 
This  area  appears  to  have  .specific  limits  along  the  longitudinal  axis  of  the 
hrain  stem:  several  massive  lesions  in  groups  2  and  4,  only  slightly  less  than 
total  tegmental  transections,  were  ineffective  while  some  of  those  in  groups 
3  and  o  which  extended  slightly  more  rostrad  were  effective.  A  somewhat 
discrete  dorso- ventral  position  is  also  indicated  by  the  finding  that  lesions 
blocked  ovulation  for  two  days  or  more  only  if  they  impinged  upon  the 
floor  of  the  brairi.  Thus,  some  lesions  in  groups  2  and  4,  although  more 
rostrally  placed  than  several  in  groups  R  and  o,  failed  to  block  for  two  days. 

Superimposing  the  composite  from  group  4  on  tho.se  of  the  other  groups, 
F'igure  .oB,  further  limits  the  part  of  the  brain  stem  which  seems  e.s.sential 
for  ovulation.  The  darkly-stippled  area  is  common  only  to  the  lesions  which 
blocked  ovulation  for  two  or  three  days  and  on  this  basis  it  (jualifies  as  the 
“critical  area.”  This  composite  diagram  also  offers  an  explanation  for  the 
postponement  of  ovulation  seen  in  group  4.  Lesions  in  animals  which  were 
able  to  “escape”  the  initial  blockade  more  closely  encroached  upon,  but 
did  not  destroy,  the  most  basal  portion  of  the  mesodiencephalic  region. 
The  transient  blockades  may  reflect  depression  of  adjacent  structures  by 
the  acute  effects  of  trauma  and  edema. 

The  exact  anatomical  difference  between  effective  and  ineffective  lesions 
has  not  been  sharply  and  preci.sely  defined  by  the.'^e  experiments.  In  fact. 


Fig.  (i.  Lesions  tliat  hloeked  ovulation  for  two  and  three  days.  A,  ('.  Sagittal  recon- 
.struetions  of  two  lesions  which  hloeked  ovulation  for  two  and  three  days  ri'speetively. 
The  diagonally-lined  areas  indicate  the  longitudinal  jiosition  and  e.xtent  of  each  lesion. 
It,  I).  Photoniicrograjihs  of  the  lesions  shown  in  the  sagittal  reconstructions  .V  and 
The  section  shown  in  H  was  taken  from  the  level  marked  by  tin*  vertical  line  in  .\.  The 
h'vel  of  I)  is  similarly  indicated  by  the  vertical  line  in  ('. 


there  appears  to  he  a  .small  area  of  overlap  between  the  most  rostro-hasal 
ineffective  lesions  and  the  most  caudo-basal  effective  lesions.  Two  lesions 
that  hloeked  ovulation  appeared  to  he  located  caiidad  to  several  which 
did  not  block.  Part  of  the  overlap,  approximately  .2-.4  mm.,  may  he  due 
to  the  inability  to  differentiate  conclusively  between  functional  and  non¬ 
functional  ti.ssue  at  the  borders  of  the  lesions;  myelinated  fiber  .systems 
are  especially  troublesome  in  this  respect.  Neverthele.ss,  the  validity  of  the 
general  localization  is  attested  by  the  .successful  blockade  produced  by  the 
relatively  small  lesions  in  Figure  (i  that  blocked  for  two  and  three  days. 

The  conditions  of  the  uteri,  vaginae  and  the  ovarian  tubes  as  they  are 
related  to  the  various  groups  of  lesioned  rats  are  shown  in  Table  2.  Al¬ 
though  the  uteri  of  animals  which  failed  to  ovulate  during  the  night  fol¬ 
lowing  le.sioning  are  u.sually  distended,  this  condition  is  not  always  main¬ 
tained  throughout  the  three-day  observation  period  and  an  estrous-typ<‘ 


Ximmlxr,  Ili-lS  MlDliUAlX  LKSIOXS  AXI)  OVI'LATIOXS  tiO;) 

Tmu.k  2.  Conditions  ok  i  tkhi,  vaoinak  and  o\  auian  ti  hks  ok  tiik  oikh  i‘s 

OK  I.KSIONKD  RATS  ON  DAYS  KOl.I.OW  I  N( ;  l.KSIONINT; 
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Oil  (lays  two  or  tlire(‘  did  not  necessarily  indicate  ovulation.  Dilatation  of 
the  ampullae  of  the  ovarian  tubes  is  a  u.seful  and  reliable  criterion  for  the 
presence  of  ova,  but  is  difficult  to  oliserve  without  the  removal  of  an  ovary. 
Vaginal  smears  that  are  transitional  between  tho.se  characteristically  ob¬ 
served  at  tlie  proestrous  and  estrous  stages  of  the  cycle  are  fairly  indicative 
of  blockade  and  are  u.seful  in  combination  with  other  criteria. 

I'^tforts  to  find  a  behavioral  change  .specific  for  an  ovulation-blocking 
inidbrain  lesion  have  been  unsuccessful.  Hats  with  rather  restricted  lesions 
in  the  ‘‘‘critical  area”  sliow  little  of  the  exploratory  behavior  characteristic 
of  a  normal  rat  and  are  somewhat  lethargic;  however,  they  show  the  right¬ 
ing  reflex,  are  easily  arou.sed  by  handling  and  respond  readily  and  ap¬ 
propriately  to  nociceptive  stimuli.  The  lesions  shown  in  Figures  (iA  and 
()C-  blocked  ovulation  without  being  associated  with  grossly  ob.servable 
behavioral  deficits.  Animals  with  more  extensive  destruction  of  the  mid¬ 
brain  tegmentum  are  usually  comatose  and  many  are  unresponsive  lo 
several  types  of  stimuli  and  re.semble  a  “reticular”  preparation  as  de¬ 
scribed  by  Lindsley  et  al.  (10).  Such  a  condition,  however,  does  not  in.sure 
blockade  of  ovulation. 

Deliberate  lesioning  of  the  pituitary  on  the  morning  of  proestrus,  with¬ 
out  involvement  of  the  midbrain,  failed  to  block  ovulation  in  eight  rats 
In  each  case  the  pituitaries  were  examined  under  a  dissecting  microscope 
and  found  to  be  damaged  extensively.  Two  rats  failed  to  ovulate  following 
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these  lesioning  procedures;  however,  examination  revealed  extension  of  the 
lesion  to  the  overlying  midbrain. 

DISCUSSION’ 

The  results  obtained  in  these  experiments  suggest  that  in  the  rat  a  re¬ 
stricted  portion  of  the  rostral  midbrain  is  essential  to  the  release  of  pitui¬ 
tary  ovulating  hormone.  Although  the  size  and  nature  of  the  lesions  pre¬ 
clude  discrete  localization,  it  seems  that  the  “critical  area”  is  situated  ba- 
sally  in  the  mesodiencephalic  junction.  Large  lesions  which  almost  com¬ 
pletely  transect  the  tegmentum  at  or  caudal  to  the  level  of  the  interpedun¬ 
cular  nucleus  are  compatible  with  ovulation,  lesions  rostral  to  this  plane 
block  ovulation  only  if  they  extend  to  the  most  basal  structures. 

Massive  destruction  in  the  midbrain  might  be  expected  to  block  non- 
specifically  a  finely  integrated  process  such  as  neural  activation  of  the 
adenohypophysis.  However,  this  does  not  seem  to  be  the  case:  extremely 
large  lesions  and  the  drastic  conditions  with  which  they  are  associated  do 
not  block  unless  certain  spatial  reipiirements  are  fulfilled.  The  specificity 
of  the  blockade  produced  is  further  supported  by  the  effectiveness  of  rela¬ 
tively  small  lesions.  The  occurrence  of  ovulation  in  spite  of  acute  and  ex¬ 
tensive  destruction  of  the  pars  distalis  suggests  that  the  blockade  is  not  the 
result  of  direct  depression  of  the  hypophysis  by  non-specific  trauma. 

It  appears  that  the  major  part  of  the  brain  stem  caudal  to  the  posterior 
hypothalamus  is  non-essential  to  ovulation.  It  is  especially  interesting 
that  most  of  the  midbrain  reticular  formation  and  some  of  its  projections 
into  the  diencephalon  are  included  in  the  apparently  non-essential  portion. 
The  occurrence  of  ovulation  in  rats  made  somnolent  and  unresponsive  to 
nociceptive  stimuli  by  massive  midbrain  destruction  suggests  that  mech¬ 
anisms  involved  in  behavioral  arousal  are  not  essential  to  the  release  of  pi¬ 
tuitary  ovulating  hormone.  From  the  results  obtained  in  these  experiments 
and  on  basis  of  the  effects  of  certain  drugs  on  ovulatory  and  FE(1  arousal 
mechanisms  (2,  4),  it  appears  that  blockade  of  ovulation  correlates  much 
better  with  drug-induced  elimination  of  FFG  arousal  than  with  loss  of  be¬ 
havioral  arousal.  The  possibility  exists  that  elements  of  the  “reticular 
activating  system”  concerned  with  the  Kl^Xl  changes  characteristic  of 
arousal  may  play  a  critical  role  in  the  neural  events  leading  to  ovulation. 
The  separation  of  the  mechanisms  underlying  KEG  and  behavioral  alerting 
responses  implied  by  this  suggestion  is  consistent  with  the  dissociation 
seen  with  certain  pharmacological  agents:  suppression  of  EEG  arousal  with 
atropine  is  compatible  with  behavioral  arousal  (11)  and,  conversely,  phy- 
sostigmine  produces  1'>EG  arousal  with  no  behavioral  counterpart  (12). 
Since  cholinergic  and  adrenergic  blocking  agents  can  prevent  ovulation  in 
the  rat  (7),  it  is  interesting  that  both  cholinergic  (13)  and  adrenergic  (14) 
systems  have  been  implicated  in  mechanisms  of  EEG  arousal.  Although 
there  is  no  general  agreement  as  to  precise  localization,  a  mesodiencephalic 
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locus  has  Ix'cli  ])()st\ilalc(l  l)()lh  for  the  choliiicr^iic  (IR)  and  a<li(*iicr}iic 
(lo)  systems. 

The  suggested  elimination  of  the  hulk  of  the  midhrain  as  an  essential 
.substrate  for  ovulatory  mechanisms  in  the  rat  has  narrowed  the  prospec¬ 
tive  list  of  “critical  structures”  considerably;  however,  the  specific  struc- 
ture(s)  involved  and  the  role  subserved  are  still  obscure. 

The  structure  of  first  choice  because  of  its  position  relative  to  effective 
lesions  is  the  mammillary  peduncle.  However,  if  the  integrity  of  this  fiber 
tract  is  neces.sary  for  ovulation,  its  entire  longitudinal  extent  is  not  ecpii- 
potential  in  this  regard:  ovulation  was  blocked  for  two  or  more  days  only 
by  lesions  that  involved  a  site  approximately  .2  mm.  rostral  to  the  inter¬ 
peduncular  nucleus.  Bilateral  destruction  caudad  to  this  level  was  in¬ 
effective. 

I'he  mammillary  peduncle  is  an  ascending  pathway  (Ki,  17,  IS)  with 
.somewhat  vague  origins.  Investigators  in  the  past  have  inferred  that  some 
fibers  pass  from  the  medial  lemniscus,  and  additional  contributions  have 
been  suggested  because  the  tract  becomes  markedly  enlarged  just  caudal 
to  the  mammillary  bodies  (19).  Papez  (20,  21)  has  .suggested  that  some 
fibers  originate  from  the  nucleus  of  the  mammillary  peduncle,  first  de¬ 
scribed  in  mammals  as  the  Nucleus  opticus  tegmenti  by  Tsai  (22).  This 
nucleus  takes  the  form  of  an  elongate  cell  group  situated  dorso-lateral  to 
the  tract.  Papez  also  describes  some  fibers  from  the  medial  border  of  sub¬ 
stantia  nigra  (21,  28).  Fox  (24)  finds  that  most  of  the  fibers  arise  from  the 
ventral  tegmental  nucleus  in  the  cat,  not  from  the  medial  lemniscus,  and 
also  includes  the  nucleus  of  the  mammillary  peduncle  as  a  potential  con¬ 
tributor.  CJuillery  (25)  has  recently  investigated  the  mammillary  peduncle 
of  the  rat  using  the  Nauta  and  (lyax  stain,  and  he  concludes  that  fibers 
originate  from  the  dorsal,  and  probably  the  deep,  tegmental  nuclei  and 
po.ssibly  from  the  nucleus  of  the  mammillary  peduncle.  This  investigator 
considers  that  the  “connections”  with  the  medial  lemniscus  and  substantia 
nigra  are  fibers  of  passage  and  do  not  represent  additional  sites  of  origin. 

Rostrally,  the  mammillary  peduncle  appears  to  end  mainly  in  the  mam¬ 
millary  nuclei,  although  some  fibers  have  been  traced  into  the  medial  fore¬ 
brain  bundle  (19),  the  hypothalamus  (17)  and  as  far  forward  as  the  supra¬ 
optic  nucleus  (2(1).  (luillery  in  his  recent  studies  (25)  finds  that  the  ma¬ 
jority  of  fibers  are  distributed  to  the  mammillary  nuclei  and,  in  confirma¬ 
tion  of  the  earlier  work,  describes  components  pa.ssing  into  the  medial 
forebrain  bundle.  These  ascending  fibers,  some  reaching  as  far  as  the 
diagonal  band,  diminish  in  number  as  they  pass  rostrally  and  a  few  are 
seen  to  turn  medially  towards  the  medial  hypothalamic  nuclei. 

The  function  of  this  fiber  system  is  not  known  although  Papez  (22)  lists 
it  as  one  of  the  important  afferent  pathways  to  the  hypothalamus  and 
includes  it  in  a  system  of  primitive  centers  in  the  ventral  thalamus  which 
receive  and  relay  input  from  various  afferent  .systems.  Clark  (18)  believes 


L 


(’Hitchkow 


Vohuiic  (i.i 


(ids 

that  the  mammillary  peduncle  may  hear  the  same  relation  to  the  hypo¬ 
thalamus  as  the  medial  lemnisens  does  to  the  thalamus.  (Juillery  (‘io)  f(*(*ls 
that  it  may  furnish  the  eonneetion  between  the  diffuse  systems  of  the 
brain  stem  and  the  mammillary  bodies. 

.\nother  strueture  of  interest  in  this  vicinity  of  the  brain  stem  is  the 
transverse  peduncular  tract  which  is  located  just  caudal  to  the  mammillary 
bodies  and  lateral  to  the  mammillary  peduncle  (27).  iMlinger  (2(S)  related 
the  fibers  in  this  tract  to  the  ciliary  portion  of  the  oculomotor  nerve  and 
removal  of  the  eyes  of  the  rat  is  reported  to  result  in  its  degeneration  (21)). 
Clark  e(  al.  (30)  de.scribe  this  tract  as  originating  from  the  optic  tract  near 
the  ventral  margin  of  the  lateral  geniculate  and  passing  obliquely  across 
the  cerebral  peduncle  to  end  in  the  nucleus  of  the  mammillary  peduncle. 
This  fiber  system  may  be  the  basis  for  Ibrahim  and  Shanklin’s  statement 
that  the  only  connections  of  this  nucleus  in  mammals  are  with  the  optic 
chiasma  (31).  It  is  extremely  interesting  that  these  projections  from  the 
visual  system  are  described  as  reaching  the  nucleus  of  the  mammillary 
peduncle  at  a  level  slightly  caudal  to  the  mammillary  bodies.  This  portion 
of  the  peduncle  is  the  site  of  the  marked  enlargement,  noted  by  (Jurdjian 
(19)  and  is  the  approximate  point  along  the  longitudinal  axis  of  the  brain 
stem  where  lesions  block  ovulation. 

Although  the  substantia  nigra  is  apparently  without  the  intriguing  con¬ 
nections  de.scribed  above  for  the  mammillary  peduncle,  its  medial  border 
is  involved  in  the  effective  lesions  and  it  cannot  be  dismissed  from  con¬ 
sideration.  In  spite  of  its  classical  inclusion  in  motor  spheres,  it  may  con¬ 
tribute  fibers  to  the  mammillary  peduncle  (21). 

The  interpeduncular  nucleus  is  located  very  close  to  the  area  which 
appears  necessary  for  ovulation  and  it  is  difficult  to  assess  its  importance 
in  this  process.  However,  it  seems  to  be  slightly  caudal  to  the  “critical 
area”  and  its  main  afferent  pathway,  the  habenulo-interpeduncular  tract, 
has  been  interrupted  without  blocking  the  release  of  ovulating  hormone. 

In  speculating  on  a  possible  role  for  a  ventral  mesodiencephalic  system 
in  the  process  of  ovulation  in  the  rat,  it  .seems  noteworthy  that  some  of  the 
structures  in  this  region  appear  to  have  wide  access  to  many  modalities 
of  afferent  input.  The.se  structures  may  be  involved  in  the  projection  of 
such  information  to  the  hypothalamus,  directly  or  indirectly.  Such  a  .sy.s- 
tem  may  correspond  to  the  extra-lemniscal  afferents  suggested  by  (been 
(32)  whicli  project  to  the  pituitary  via  the  lateral  hypothalamus,  .septum, 
hippocampal  formation,  amygdala  and  hypothalamus. 

A  role  for  a  rather  broad  .sensory  supply  to  the  ovulatory  mechanisms  in 
the  rat  is  indicated  by  the  fact  that  light  (33,  34),  temperature  (3o)  and 
probably  many  other  environmental  factors  with  a  24  hr.  rhythmicity  can 
control  the  estrous  cycle.  However,  the  implication  that  the  lesions  in 
these  studies  block  ovulation  becau.se  of  interference  with  .sen.sory  projec¬ 
tions  to  the  hypothalamus  introduces  complications.  Ovulatory  mech- 
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aiiisnis  are  ratlier  well  insulated  from  the  immediate  and  direct  iiiHnenee 
of  the  environment  because  rats  blinded  or  placed  in  continual  darkness, 
under  conditions  of  constant  temperature,  retain  the  rhythm  established 
under  the  preceding  lifilitinp;  conditions  (R4),  and  the  reversal  of  the  estrous 
rhythm  by  reversed  day-niKht  lightiiifi;  recpures  about  10  days  (RR).  The 
above  data  plus  the  demonstration  of  *24  hr.  rhythmicity  in  the  rat  (0) 
su}i:f;est  the  presence  of  a  “neural  clock”  which,  if  not  intrinsic,  at  least 
possesses  considerable  inertia,  and  it  is  doubtful  that  the  acute  removal 
or  manipulation  of  a  single  or  several  modalities  of  sensory  input  could 
prevent  ovulation.  The  prompt  and  immediate  blockade  produced  by  the 
midbrain  lesions  may  indicate  a  more  intimate  and  direct  relationship  with 
ovidating  mechanisms,  a  relationship  that  could  be  afforded  by  some  type 
of  “activating  system.” 

.Vlthough  the  reticular  formation  and  more  caudal  structures  within  the 
midbrain  do  not  appear  to  be  essential  to  ovulation  in  the  rat,  these  struc¬ 
tures  may  well  play  a  critical  role  in  neuroendocrine  phenomena  that  rely 
on  afferent  pathways  ascending  from  spinal  levels  such  as  ovulation  in 
reflexly  ovulating  forms  and  the  release  of  luteotrophin  in  the  rat  following 
coitus.  In  this  regard,  Anderson  ct  (tl.  (Rti)  have  proposed  that  transection 
of  the  brain  stem  at  the  mesencephalic  level  in  dogs  permanently  blocks 
the  release  of  ACTH  to  several  kinds  of  stress  and  postulate  a  mesence¬ 
phalic  hypothalamico-pituitary  activating  system.  In  their  consideration 
of  anatomical  connections  from  the  midbrain  to  the  hypothalamus,  the 
authors  refer  to  pathways  proposed  by  Xauta  and  Kuypers.  The  mammil¬ 
lary  peduncle  and  the  dorsal  longitudinal  fasciculus  are  discussed  as  affer¬ 
ent  systems  possibly  involved  in  the  control  of  pituitary  functions.  Sayers 
and  Sayers  have  reported  iidiibition  of  stress-induced  .\('TII  release  in 
rats  following  high  pontine  transection  (.47). 

.Vlthough  these  data  are  suggestive,  conclusions  as  to  the  role  of  the 
midbrain  in  the  rat  estrous  cycle  will  have  to  await  further  study,  (dironic 
lesions  and  midbrain  stimulation  experiments  may  be  of  some  aid  in  relat¬ 
ing  this  region  of  the  brain  stem  to  the  classically-implicated  hypothalamic 
areas  and  may  offer  some  clues  as  to  the  specific  parameters  affected. 
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THE  PERIPHERAL  ACTION  OF  TOLBUTAMIDE  IN 
DOMESTIC'  FC)\VL‘ 

ICOBFRT  L.  IIAZFLWOOD- 

I)< partment  of  Poultry  H uftbandri),  I  'tiiversitj/  of  Californid,  iJni'in,  (Uilifortiin 

ABSTRACT 

Tlu*  I'ffc'ct  of  T()ll)utaini(U*  was  studiod  in  cliickiMis  which  liad  l)ccu  function¬ 
ally  hci)at(‘ctoinizcd  or  both  dcjiancrcatizcd  and  hcpatcctoinizcd.  The  effects  of 
simultaiK'ous  injection  of  Orinase  and  insulin  on  blood  glucose,  \PX,  and 
inorganic  phosjjhatc'  in  the  intact  fowl  w(>r('  also  invc'stigatial. 

llepatectoinizi'd  fowl  responded  to  10  mg.  Oiinase  kg.  body  weight;  the 
degree  and  ])att*“rn  of  response'  was  almost  identical  with  that  of  intact  fowl  of 
the  same  age.  Hepatectomized  birds  proved  to  be  hyi)ersensitive  to  insulin,  since' 
an  insulin  deese'  that  lueMlue'e'el  the'  same'  eh'gre'e'  eef  hypeeglye'cmia  as  Orinase'  in 
intae't  birels  hael  a  mue  h  me»re'  lereefemnel  and  preelemge-el  hypeeglye'e'inie-  e'ffe'e't  in 
he'pjite'e'teemize'd  birds.  Birds  whie  h  we'ie'  ele'i)ane're'atize'el  anel  late'r  fiine'tiemally 
he'|)ate'e'te)mize'el  alsee  respemeh'el  with  hypeeglycemia  tee  Teelbutamieh'  inje'e'tieen. 
Cnh'ss  the'ie'  is  an  e'.xtrapane'ie'atic  anel  e'xtrahepatic  .seuirce'  eef  insulin  in  the' 
chie-ke'ii.  it  is  unlike'ly  that  the'  ae-tiem  eef  Orinase'  inveelve's  stimnlatieui  eef  insulin 
tormatiem  anel  e)i'  se'cre'tieen. 

Inte'nsifie'atieen  e»f  insulin  ae'tivity  by  Orinase'  was  eh'ineenstiate'el  in  inteict 
birels  which  we'ie'  inje'e'teel  with  the'  twee  drugs  simultane'emsly.  lieith  bleioel 
gluco.Ke'  anel  NBX  we'ie'  elepre'sse'el  to  a  gre'ate'r  eh'gre'e*  than  whe'ii  either  insulin 
eir  Orinase'  was  injecte'el  alone'.  In  contrast  tei  insulin,  Orinase'  apjie'ars  to  be* 
ine'flfe'e'tive'  in  de'cre-asing  bleieiel  iimrganie'  plmsiilmrus  in  the*  feiwl.  'I'he'  ae'tiem 
e»f  Orinase',  the'ie'fbre',  appears  tei  be*  me'diate'el  thremgh  the*  iie'iipheral  tissue's. 

CONSIDIORABLIO  evidence  is  a\'ailal)lc  that  in  certain  species  the 
h-ypoglyeemic  action  of  the  sulfonylureas  is  mediated  through  tlie 
insulin-secreting  cells  of  the  pancreas  (1,  2,  R,  4).  In  these  .species,  intact 
beta  cells  must  he  present  for  l-hutyl-R-sulfanilylurea  CCarhutamide)  and 
1-butyl-B-p-tolylsulfonylurea  (Tolbutamide,  Orinase)  to  exert  their  im¬ 
mediate  hypoglycemic  etfects.  Whether  these  agents  increase  the  capac¬ 
ity  of  the  beta  cells  to  form  insidin,  or  whether  they  act  merely  to  release 
it,  has  not  been  established.  In  any  event,  the  role  of  mammalian  periph¬ 
eral  tissues  in  the  hypoglycemic  response  to  these  agents  appears  to  be 
either  nonexistent  or  secondary  to  the  direct  action  on  the  pancreas. 

Rcci'ivcd  May  5,  195.S. 

‘  The  material  jiresc'iiti'd  herein  was  taken  from  a  dissertation  submitted  to  the 
(iraduate  School  of  the  University  of  California,  Davis,  by  the  author  in  partial  fulfill- 
mi'iit  of  the  n'(|uir('ments  for  tlu'  di'gii'i'  of  Doctor  of  Philosojihy  in  Physiology. 

-  Pri'sent  address:  Di'partnu'nt  of  Physiology,  Boston  I'nivi'isity  School  of  Mediciiu', 
Boston,  Massachusi'tts. 
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Hpcently  the  domestic  fowl  was  shown  to  he  sensitive  to  Orinase:  it 
may,  in  fact,  he  even  more  sensitive  than  mammals  (o).  Orinase  may  act 
through  different  mechanisms  in  birds  and  mammals,  however,  since 
neither  total  pancreatectomy  nor  entej’ectomy  in  the  duck  altered  the 
response  to  this  agent  (ti).  These  observations  suggest  either  that  insidin 
production  is  not  restricted  to  the  pancreas  and  or  gut  in  chickens  and 
ducks  or  that  Tolbutamide  acts  in  these  birds  primarily  through  its  effect 
on  peripheral  tissues.  The  studies  presented  in  this  paper  indicate  that  the 
avian  response  to  Orinase  administration  is  regulated  primarily  through 
extrapancreatic  and  extrahepatic  mechanisms. 

METHODS 

-Ml  l)ir(ls  (•ini)l(»y(“il  in  tlicsc  stuilics  were  crosses  of  Siiiglc-('oinl)  \\  liiti*  l.cglionis  ami 
New  Ha!ni)sliires.  Tlic  l)ir(ls  were  10-12  weeks  old  and  wen*  maintained  on  a  standanl 
complete  ehieken  masli  until  the  time  of  experimentation.  In  all  studies  food  was 
removc'd  six  hours  ])ri(»r  to  ohtainiiifi  the  first  hlood  sample.  During  oh.servation  periods, 
all  birds  wer<“  immobilized  by  tyiiifj  their  h'^s  with  heavy  eonl.  No  anesthetic  was  used 
and  birds  |)revionsly  subjc'cted  to  surgery  evidtmeed  no  signs  of  the  earlic'r  nare<»sis. 

Hlooil  samph's  were  drawn  by  cardiac  pnnetiire.  \\  here  blootl  glucose  was  tlu'  onl.\ 
analysis  to  be  mach*,  0.1  ee.  blood  was  drawn.  If  moie  than  one  analysis  was  desircal. 
1.0  ee.  blood  was  drawn.  'I'hese  methods  and  sampling  rates  have  been  shown  to  have 
no  elTec-t  on  control  v.alues  (»f  various  blood  constituents  (o).  Hlood  sugar  ileterminations 
were  made  by  Nelson's  modification  of  the  Somogyi  method  (7).  non-protein  nitrogen 
by  the  standard  miero-Kjeldahl  teehnicpie,  and  inorganic  phosphoins  by  the  method  of 
Sumiu'r  (S). 

Two  series  of  birds  were  prepared  surgically  for  studying  the  i)erii)heral  etTeets  of 
Orinase:  Serii's  I  birds  were  hepateetomized,  and  Seri(‘s  II  birds  were  i)anereateet«>mized 
and  hepatc'ctomized.  .\n  additional  grouj)  (Suies  III)  was  used  for  studying  interactions 
of  insulin  and  Orinase  in  tlye  intact  bird.  Functional  hei)ateetomy  was  iMuforim'd  ac¬ 
cording  to  the  method  of  Ranney  et  nl.  (9).  The  presence  of  tin*  eoeevgomesenterie  ve.ssel. 
which  connects  the  right  hepatic  portal  vein  with  the  afferent  reiiid  x'cins  in  the  fowl, 
makes  ])ossible  a  naturally  occurring  Kek  fistula.  Hy  pro|)erly  i)laeing  and  tying  two 
ligatures,  blood  from  tin*  intestim's  is  diverted  through  this  anastomosis  and  through 
the  kidney  to  the  vena  cava.  Ligation  of  the  hepatic  artmies  as  well  as  the  portal  veins 
shuts  off  at  least  99%  of  the  total  afT<‘rent  blood  flow  to  the  liver  of  the  bird  (9).  In 
Series  I  the  loose  ligature's  we'ie  exteriorized  and  the  binls  allowed  to  reeetver  7  to  9  flays 
before  use.  Instantaneous  functional  hepateetomy  in  the  unane.sthetized  binl  was  then 
accomplished  by  tightening  the  exposed  ligatures  and  thereby  occluding  all  afferent  vas¬ 
cular  pathways  leading  to  the  liver.  In  Sf'iies  1 1  i)anereateetomy  was  performed  by  using 
gauze  ])ads  to  scrape  away  all  pancreatic  tissue.  Kxtreme  care  was  taken  to  maintain 
intact  the  network  of  vessels  suspemled  in  the  duodf'iial  looj)  and  to  kef'p  hemorrhagt 
to  a  minimum.  Immediately  after  removal  of  the  i)anereas  the  loo.se  ligatures  wf're  placed 
for  subsefpient  hepateetomy.  The  bird  was  then  allowed  to  recover  from  the  Nembutal 
anesthesia;  it  was  usually  on  its  feet  and  drinking  water  within  1-2  hours  after  tin 
operation.  These  doubly  o|)erjitefl  birds  wf'i-e  used  the  flay  f>f  surgery  tf)  avffifl  tin 
sf'vere  inanitiffn  which  t'fdhfws  panereateetffiny.  Data  are  repfutf'd  herein  tmly  from 
biifls  which  prf>vefl  tf»  bf'  tfdally  flepanereatizf'fl  aml/ffr  funetifmally  hei)ateetf»mizefl  b> 
prf)j)er  ligature  placement  as  fh  tf'iinined  at  the  time  f)f  autffpsy. 

Orinase’  was  fli.ssfdvefl  in  0.9%  NaC'l  and  injf'ctefl  intramnseularly  intti  the  shffidflei 

•’  (»f‘nf*rf)usly  su|)|)lied  by  ('.  ()’l)f)nf)van,  tbe  I'pjfthn  Cf)..  Kalamazfio.  .Michigan 
Lfit  Nf».  Res.  1I,,7.S4,2. 
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{finlU*  at  the  »l<»sc  level  of  5  to  10  body  \veif>lit;  insulin  free  from  liypeifilyemnie 

activity^  was  administered  intramuscularly  at  tlu'  dose  level  of  O.ii  or  1.0  u.  kfj.  Lody 
wiMfilit  as  indicated  in  the  following;  s('ction.  Tlii'se  particular  dosages  of  Orinase  and 
insulin  were  employed  because  |)reliminary  studies  demonstrated  that  the  hy|)Off|ycemic 
resjxmse  to  10  mn./kf>:.  body  w(Mfiht  of  Orinase  eipialed  that  to  1.0  u.  kjt.  body  wei}^ht 
of  insulin  in  the  intact  fowl.  10  12  wec'ks  of  ajje.  The  hyijOKlyia'mia  jtroduced  by  ('ither 
ajit'iit  was  on  the  order  of  22-209^  of  the  initial  blood  fjlucose  level. 

uEsri/rs 

ScricN  I.  Rrspotisc  of  Ncpolccloinizcd  Fowl  to  Orino.sc  otid  Iiinolin 

'Pliirty-fivo  I'i-weok-old  clucktMis  of  Loth  sexes  were  employed  in  lliis 
study.  The  two  loo.se  lifjatures  were  projteily  plaeed  (care  heinji;  taken  to 
avoid  ineludinK  the  main  panereatie  ve.ssels)  and  exteriorized,  and  the 
birds  were  allowed  to  reeover  for  .seven  to  nine  days.  The  birds  were  then 
divided  into  four  {groups  and  treated  as  follows:  7  reeeived  2  ee.  saline,  tlu* 
ligatures  remaininfj;  loose;  10  reeeived  the  same  saline  dose  aftei’  the  lit>:a- 


k’lc.  I.  The  etfects  of  Orinase  and  insu¬ 
lin  in  functionally  hepatectomized  fowl. 
Immediately  after  the  first  blood  samph' 
was  tak(>n  the  hepat('etomy  ligatures  were 
tie<l.  Thirty  minutes  later  (at  time  zero) 
another  blood  sam])le  was  takem  and  the 
birds  were  injected  as  indicated.  (  )  indi- 

c.ates  number  of  birds  jxm  ffi-ou]).  \’eitical 
bars  indicate  stanilard  errors  of  the  mean. 


EFFECT  OF  ORINASE  AND  INSULIN 
IN  HEPATECTOMIZED  FOWL 


tures  were  tied;  9  reeeived  1.0  v.  insulin  (free  of  H(IF)  per  kilogram  body 
weiKht  after  li}>;atures  were  tied,  and  9  reeeived  10  tufj;.  Orinase  p(‘r  kilo¬ 
gram  body  weight  after  ligatures  were  tied. 

Blood  glueose  values  of  hepateetomized  fowl  treated  with  either  Orinase 
or  in.siilin  are  pre.sented  in  Figure  1.  Tyint?  off  the  hepatie  ve.ssels  to  eau.se 
a  funetional  hepateetomy  caused  the  blood  {5lue0.se  to  decrease  as  iViiieh 
as  Id  m}5.  %.  The  difl'erenees  between  the  two  .saline  control  {iroups  are 

*  (Jenerously  .siipjilied  by  \\  .  I..  Kirtley,  Fli  Lilly  Co..  Indianapolis,  Indian.a.  Lot. 
No.  W-:i:}7.j. 
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significant  at  the  5%  level  at  every  point  throughout  the  three-hour  ob¬ 
servation  period.  Also,  it  is  obvious  that  hepatectomized  fowl  responded 
rapidly  to  Orinase  administration,  the  blood  sugar  level  decreasing  from 
the  initial  level  of  203  mg.%  to  a  level  of  lOt)  mg.%  within  one  hour.  Com¬ 
paratively,  however,  the  response  to  1.0  unit  insulin  kg.  body  weight  was 
much  more  profound,  for  the  mean  blood  glucose  level  decreased  from  a 
pre-injection  value  of  201  mg.%  to  100  mg.%  after  three  hours.  This  was 
unexpected  since  previous  studies  indicated  that  the  dosages  of  both  Ori¬ 
nase  and  insulin  employed  in  this  .series  decrea.sed  the  blood  glucose  of  in¬ 
tact  fowl  to  the  same  extent. 

Scries  II.  The  Ejl'cct  of  Orinase  in  the  Depa ncreatized-IIepatectoniizcd  Fowl 

It  has  been  demonstrated  that  totally  depancreatized  as  well  as  com- 
pletly  enterectomized  ducks  respond  well  to  Orinase  administration  (0).  It 


EFFECT  OF  ORINASE  IN  HEPATECTOMIZEP- 
PANCREATECTOMIZED  FOWL 


Fig.  2.  EfTi-ct  of  Oiinasc  in  liopatoctomizi'd,  (h'pancivatizc-d  fowl.  Tlio  tiino  soqucnci' 
of  tying  the  hopatoc-tomy  ligatures  and  taking  blood  samples  was  identical  to  Series  I. 

(  )  indicates  number  of  birds  per  group.  Vertical  bars  imlicate  standard  errors  of  the 

mean. 

appeared  pertinent  to  determine  if  chickens  can  respond  to  Orinase  in  the 
absence  of  both  the  liver  and  the  pancreas. 

Kighteen  female  chickens,  12  weeks  of  age,  were  depancreatized.  Subse¬ 
quently,  while  the  birds  were  still  under  anesthesia,  the  two  hepatectomy 
ligatures  were  loosely  placetl  in  position,  and  the  birds  sutured  and  allowed 
to  recover  from  the  effects  of  the  anesthetic.  When  the  birds  were  on  their 
feet,  taking  water  ad  libitum,  and  had  fasted  a  total  of  6  hours,  they  were 
functionally  hepatectomized.  Half  an  hour  after  the  hepatectomy  liga¬ 
tures  were  tied,  10  of  the  birds  received  2.0  cc.  of  physiological  .saline  and 
the  other  S  received  10  mg.  of  Orinase  per  kilogram  body  weight.  Al- 
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though  it  has  l)cen  reported  to  he  very  resistant  to  the  diabetogenic  etTeet 
of  alloxan,  the  bird  does  respond  to  pancreateetoinv  with  a  moderate 
transitory  hyperglycemia  which  usually  lasts  less  than  seven  days  (10). 
This  hyperglycemic  effect  was  observed  here  even  in  the  absence  of  a  func¬ 
tional  liver  since  these  doubly  operated  chickens  had  initial  blood  glucose 
levels  (i.e.,  1  to  3  hours  after  pancreatectomy)  ranging  from 
mg.%. 

Blood  glucose  values  of  the  doubly  operated  birds  are  presented  in 
Figure  2;  the  Orinase-trcated  group  responded  with  a  sharp  decrease  in 
blood  glucose.  The  initial  mean  blood  glucose  level  was  2()2  mg.%  (as  the 
result  of  pancreatectomy)  and  decreased  to  IS.^  iug.%  at  the  end  of  the 
three-hour  observation  period.  Blood  glucose  levels  of  the  similarly  oper¬ 
ated  but  saline-treated  controls  meanwhile  decreased  from  270  mg.%  to 
242  mg.%  during  the  same  period. 

Series  III.  Ejj'eet  of  Simultaneous  lujeetiou  of  Oriuase  and  lusuliu  on  Blood 
Glueo.se,  Xou-Protein  Nitrogen  and  Inorganic  Phosphorus  of  Intact  Birds 

The  results  of  Series  I  and  II  suggest  that  the  site  of  action  of  Orinase  is 
in  the  peripheral  tissues.  To  test  this  concept  further,  :iS  intact  male  birds, 
10  weeks  of  age,  were  fasted  six  hours,  divided  into  five  groups,  and  injected 
as  follows:  six  birds  received  d  cc.  saline,  eight  were  injected  with  10  mg. 
Orinase  kg.  body  weight;  seven  were  injected  with  1.0  u.  insulin  kg.  body 
weight ;  nine  were  injected  with  10  mg.  Orina.se  and  1.0  u.  insulin  kg.  body 
weight ;  and  eight  were  injected  with  o  mg.  Orinase  and  O.o  u.  insulin  kg. 
body  weight.  Since  the  dosages  of  Orinase  and  in.sulin  employed  here  were 
of  ecpial  hypoglycemic  potential,  the  possibility  of  ob.serving  an  augmen¬ 
tation  of  the  effect  of  the  two  agents  was  increased.  The  saline  control 
values  for  blood  gluco.'^e  and  non-protein  nitrogen  were  initially  200+1.0 
ing.%  and  41  +0.7  mg.%  and  throughout  the  four  hours  of  ob.servation 
did  not  fluctuate  by  more  than  0  mg.%  and  2  mg.%  respectively.  For 
clarity  these  data  were  omitted  in  Figure  d.  No  inorganic  phosphorus 
analyses  were  made  at  the  lower  Orinase  and  insulin  dosage  level. 

The  augmented  response  by  intact  l)irds  doubly  treated  with  Orinase 
and  insulin  is  apparent  in  Figure  d.  Not  only  did  the  addition  of  10  mg.  of 
Orinase  to  1.0  unit  of  insulin  kg.  cau.se  an  expected  greater  hypoglycemic 
response,  but  the  reduction  of  these  dose  levels  by  o0%  also  brought  about 
a  greater  decrease  in  blood  sugar  than  the  injection  of  either  Orinase  or 
insulin  alone.  Similarly,  the  same  increased  respon.'<e  is  demonstrated  in 
the  blood  XPX  data  of  both  groups  which  were  doubly  treated.  The  in¬ 
organic  phosphorus  moiety  responded  rapidly  to  exogenous  in.sulin  and 
ifter  an  initial  decrease  rebounded  to  supernormal  levels  in  chickens. 
Orinase  does  not  appear  to  affect  this  phosphorus  fraction,  and  doubly 
reated  fowl  do  not  show  an  additive  effect  as  is  seen  in  the  blood  glucose* 
iiid  XPX  data. 
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EFFECT  OF  SIMULTANEOUS  INJECTION  OF 
ORINASE  AND  INSULIN  IN  CHICKENS 


Fig.  Kffccts  (»f  simultaneous  iujeetiou  of  Oriiiase  and  insulin  into  intact  lO-weck- 
old  chickens.  For  all  f!:i<>ui)s  the  initial  raufjc  of  blood  }>;lucosc  was  1()S  -21 1  nig.%;  blood 
NI’X,  41-4N  ing.%;  and  inorganic  pbospbatc,  4.91-5.s:i  nig.%. 

DISCUSSION' 

The  observation  that  depanereatized  fowl  exhibit  only  a  tein])orai-,\ 
liyperglyeemia  (lastinp;  several  days)  has  prompted  many  workers  to 
adopt  the  hypothesis  that  the  pancreas  is  not  the  major  .site  of  in.snlin 
production  in  the  bird.  Similarly  the  recent  evidence  that  depanereatized 
ducks  respond  to  Orinase  administration  as  readily  as  do  intact  control 
ducks  indicates  either  alternative  mechanisms  of  Orinase  action  or  th 
existence  of  an  additional  site,  or  sites,  of  in.snlin  formation.  Mirsky  ano 
(litel.son  (())  have  found  that  liver  extracts  from  ducks  exert  no  hypogl.A- 
cemic  effect  when  injected  into  recipients. 

The  data  from  Series  I  indicate  that  Orinase  action  is  not  mediate  i 
through  the  liver.  These  findingis  are  in  accord  with  tho.se  reported  f< 
the  dos  and  rat  (11).  The  response  of  hepatectomized  fowl  to  10  nu 
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Orinasc  ky;.  hody  weight  is  almost  idiaitical  to  the  hypoglyc(Mnia  reported 
for  the  intact  hird  of  the  same  age  receiving  the  identical  dose  (o).  The 
lapid  response*  of  the  functionally  lu'patectomized  hird  to  insidin,  also 
demonstrated  in  Series  I,  is  in  accord  with  many  studies  in  mammals. 
However,  where  the  hlood  glucose  level  of  the  Tolbutamide-treated  birds 
decreased  to  the  lowest  point  one  hour  after  injection,  the  insulin-treated 
fowl  showed  a  continual  decrease  throughout  the  entire  observation  pe¬ 
riod.  The  resulting  profound  hypoglycemia  .suggests  that  the  liver  plays 
an  important  role  in  insulin  degradation  in  the  bird.  With  the  liver  re¬ 
moved  from  the  circulation,  the  activity  of  insulin  was  intensified  and 
could  act  over  a  longer  period  of  time.  The  lack  of  any  effect  of  hepatec- 
tomy  in  the  response  of  birds  to  Orinase,  by  contrast,  suggests  that  Tol¬ 
butamide  both  acts  and  is  destroyed  in  the  peripheral  tissues. 

The  results  of  Series  II  demonstrate  the  hypoglycemic  action  of  Orinase 
in  birds  which  have  been  both  depancreatized  and  functionally  hepatecto- 
inized.  In  the.se  doubly  operateil  birds,  the  blood  sugar  decreased  approxi¬ 
mately  twice  as  much  as  in  those  which  were  hepatectomized  only.  Also, 
the  decrea.se  in  the  controls’  blood  glucose  levels  was  greater  than  in  the 
hepatectomized  controls  of  Series  I.  The.se  ditferences  might  be  due  to  the 
fact  that  the  doubly  operated  birds  were  used  on  the  day  that  surgery  was 
performed  and  thus  were  suffering  somewhat  from  blood  loss  and  subse- 
(luent  hemodilution  as  a  result  of  surgical  trauma.  Mann  and  Bollman 
(12)  have  demonstrated  that  hepatectomy  performed  after  pancreatec¬ 
tomy  in  dogs  causes  a  gradual  decrease  in  the  diabetic  blood  glucose  levels. 
The  control  data  of  Series  II  agree  with  these  findings. 

The  observations  that  depancreatized  ducks,  enterectomized  ducks,  and 
alloxanized  chickens  respond  to  Orinase  administration  (b)  are  comple¬ 
mented  by  the  data  of  Series  I  and  II.  The  results  of  Series  III  demon- 
'trated  the  additive  nature  of  responses,  both  of  gluco.se  and  of  NPN,  to 
simultaneous  treatment  with  Orinase  and  insulin  (Fig.  d).  This  increased 
response  resulted  in  an  accentuated  hypoglycemia  and  protein-sparing 
action  even  when  dosages  were  reduced  to  half  the  original  levels.  These 
results  are  in  contrast  with  findings  in  the  rat  (FI)  where  Orinase-pre- 
treated  animals  were  not  hypersensitive  to  .subsecpient  insulin  administra¬ 
tion.  In  all  studies,  preliminary  as  well  as  those  reported  herein,  where  in.su- 
lin-treated  fowl  are  compared  with  Orina.se-treated  fowl,  the  blood  glucose 
level  of  the  latter  decreased  more  rapidly  than  those  of  the  former.  (Jen- 
(*rally,  hypoglycemia  due  to  Orinase  administration  reaches  its  extreme 
.■)0-()0  minutes  after  injection,  whereas  insulin  re(iuired  bO- 120  minutes  to 
jx’oduce  the  same  degree  of  hypoglycemia. 

The  inorganic  phosphate  data  of  the  Series  III  birds  are  consistent  with 
ihe  re.sults  of  many  mammalian  studies.  Blood  inorganic  phosphate  was 
'lecreased  in  fowl  as  it  has  been  in  mammals  injected  with  insulin.  Orinase, 

ike  Carbutamide,  which  has  been  shown  to  have  no  effect  on  this  phos- 
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j)liat(*  m<)i(‘ty  of  the  do^  (1 1),  similarly  had  no  etTecf  in  the  fowl.  The  de¬ 
crease  in  blood  phosphate  of  the  doubly  treated  group  of  birds  was  no 
greater  than  that  of  those  treated  with  insulin  alone  and  was  probably  due 
only  to  the  insulin  portion  of  the  treatment. 

If  the  beta  cell  stimulation  hypothesis  of  Orinase  action,  currently  held 
for  mammals  and  certain  amphibia,  is  to  be  applied  to  the  domestic  fowl 
also,  it  must  be  concluded  that  there  exists  not  oidy  an  extrapancrealic 
but  also  an  extrahepatie  source  of  insulin  in  the  bird.  The  intestinal  tract, 
as  a  possible  site  of  Tolbutamide  action,  has  been  investigated  and  ruled 
out  by  Mirsky  and  (litelson.  These  findings  .suggest  an  alternative  site  of 
insulin  formation  or  an  alternative  mechanism  of  Orina.se  action,  po.ssibly 
in  the  peripheral  tissues.  Tlie  re.sults  presented  here  favor  the  hypothesis 
that  Orinase  action  is  mediated  through  the  periphery  but  that  it  is  not  an 
insulin-like  agent  itself  nor  does  it  involve  the  stimulation  of  in.sulin  for¬ 
mation  and  or  .secretion  in  the  fowl. 
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('APA('ITATI()X  OF  RABBIT  SPERMATOZOA  IN  THE 
UTERUS  WITH  SPIX'IAL  REFEREN(’E  TO  THE 
REPRODIXTIVE  PHASES  OF  THE  FEMALE* 
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ABSTRACT 

'I'hc  (•aj)a(*itati()n  of  spc'iin  (spermatozoa  undei'KO  a  certain  physiological 
change  in  the  female  tract  before  tln'v  are  cai)al)le  of  fertilization)  was  investi¬ 
gated  by  injection  of  sperm  into  the  uteius  of  rabbits  at  various  reproductive 
phases  or  rabbits  treated  with  gonadotrophin,  estrogen  or  progesterone.  Twelve 
hours  later  the  injeet(“d  si)erm  were  recovered  and  then  deposited  into  the  toj) 
of  the  fallopian  tubes  of  another  labbit  that  had  ovulated  recently.  This  was 
done  to  determine  whether  spcum  so  treated  could  fertilize  the  ova.  .Vlthough 
capacitation  was  achieved  in  the  uterus  of  immature  and  ovariectomized  rabbits 
with  or  without  the  treatment  of  gonadotrophin  or  estrogen,  it  could  not  be 
achieved  in  the  uterus  of  p.seudopregnant  rabbit  with  or  without  the  treatment 
of  gonadotrophin  or  estrogen  or  in  the  utm  us  of  immature,  ovariectomized,  or 
estrous  rabbits  treated  with  j)rogesterone.  The  inhibition  of  capacitation  of 
sj)erm  in  the  |)S(‘udopregnant  uttuus  or  in  the  uterus  of  rabbits  treated  with 
l)rogesterone  was  not  due  to  the  i)oor  motility  of  sperm,  the  large  number  of 
sperm,  the  concentration  of  white  cells,  or  the  ])ossible  bacterial  infection  of  the 
endometrium.  However,  when  sperm  were  injected  into  the  fallopian  tubes  of 
pseudopregnant  rabbits  and  then  recovered  and  deposited  into  the  tubes  of 
another  rabbit  fertilization  occurred.  It  seems  that  capacitation  of  sperm  was 
iidiibited  in  the  uteius  under  the  influence  of  progestmone  but  it  was  not  so 
affected  in  the  fallopian  tubes. 

By  deposition  of  ejaculated  isperm  into  the  fallopian  tubes  of  rab¬ 
bits  at  various  times  before  or  after  ovulation  and  by  deposition  of 
sperm  recovered  from  the  uterus  at  various  times  after  inatiuf?  it  has  been 
-hown  by  Chang  (d,  4)  that  fertilization  of  ova  can  occur  only  when  sperm 
have  been  in  either  the  tube  or  the  uterus  for  about  (>  hours.  This  phenom- 
(Uion  was  also  observed  in  the  rat  as  well  as  the  ral)bit  and  termed  as 
capacitation  of  sperm  by  Austin  (1,  2).  Although  injection  of  .semen  into 
tlie  uterus  of  estrous  rabbits  by  surgical  means  for  5  hours  achieves  capaci¬ 
tation  (3)  it  is  not  known  whether  sperm  can  be  capacitated  in  the  uterus  of 
an  animal  at  different  reproduct iv'e  phases.  This  paper  reports  a  .series  of 
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tests  to  (letei  iuiiK*  w  lu‘tlit*r  ral)l)it  sp(*rm  can  1)C  capacitated  in  t  lie  uterus  of 
inunaturc,  ovaricctoinizcd  and  ps(*udoprcf>:nant  rabbits  or  in  the  uterus  of 
rabbits  at  various  r(‘j)roduetive  phases  under  the  treatment  of  gonadotro- 
phin,  estrogen  or  progesterone. 

ANIMALS  AND  METHODS 

■Vdult  non-prcfunaiit  female  ral)l)its  of  mixed  breeds  were  pureliased  from  loeal  farms. 
'I'liev  were  ke|)t  in  s(‘parat(‘  eages  in  tlie  lahoiatory  for  al)out  4  wet'ks  ladbre  use.  lOstrus 
was  aseertained  by  the  watmy  and  dark  red  eolor  of  the  vulva,  by  several  fast  spasmodie 
reflexes  of  the  pelvis  when  the  vulva  was  touched  by  a  Huger,  and  by  tlu'  presence  of 
large  follich's  in  the  ovari(“s  at  operation  or  at  autopsy.  P.seudopn'gnancy  was  induced 
by  an  intravtmous  injection  of  sheep  ])ituitary  extract  which  invariably  leads  to  ovula¬ 
tion.  Ovariectomy  was  performed  through  a  flank  incision  under  Nembutal  anesthesia 
and  in  the  majority  of  cases  the  falloj)ian  tubes  weic  also  ixunoved.  The  animals  were 
used  from  It)-S0  days  after  ovaric'ctomy.  Immature  rabbits  were  young  rabbits,  2  to  .4 
months  old,  either  ])urchast‘d  from  local  farms  or  raiscal  in  tlu*  laboratory. 

Tor  the  gonadotrophin  treatment  .')-7  mg.  (2N-4()  i.u.)  of  sheep  jutuitary  (‘xtract,  a 
dose  ade(|Uatc  to  indlua*  ovulation,  was  intravenously  admini.steiial  4  hours  b(>fore  the 
inji'ction  of  scumm  into  the  uterus.  For  the  estrogen  treatment,  a  total  dose  of  1.5  mg. 
of  e.stradiol  in  s<‘same  oil  was  subcutaneously  administered,  within  2  or  3  days,  12  hours 
before  the  injection  of  senKUi.  For  progest(‘ron(‘  treatment,  2.5  mg.  of  maeroerystalline 
progesterone  was  subeutaiu'ously  administered  to  an  adult  animal,  or  1 2. .5  mg.  to  an 
immature  animal,  3-4  days  befoia*  tlu'  injia-tion  of  s(‘men  into  the  uterus. 

Sc'iium  of  3  fertile  male  rabbits  reared  in  the  laboratory  was  collected  regularly  at  an 
ijiterval  of  H-N  days  by  means  of  an  artificial  vagina,  but  only  a  single  ejaculate  of  one 
male  was  used  at  a  time.  .M)out  0.1  ml.  of  pcmieillin  in  saline  (1,000  units)  was  addeil  to 
aii  (‘jaeulate  (0..5  to  1  ml.)  as  an  antiseptic  measure,  and  the  sample  was  taken  up  with 
a  tuberculin  syringe.  .V  female  rabbit  was  anesthetized  by  Nembutal  and  a  midline  inci¬ 
sion  near  to  the  vagina  was  made.  W'ht'ii  tin*  uteri  were  expo.sed,  0.1.5  to  .2.5  ml.  of  seiium 
was  injected  into  the  luimm  of  one  uterus  by  imams  of  a  21  gauge  needh'. 

riie  same  semen  sainjih*  was  usually  injected  into  only  a  single  utm  ine  horn  of  2  or  3 
rabbits,  for  instance,  one  estrous,  one  pseudo|)regnant.  or  one  ovarieetomizi'd,  in  the 
evening  from  0  to  10  i*.xi.  Immediately  after  operation  another  2  to  4  rabbits  were  in- 
jeet(“d  with  pituitary  extract  intravenously  in  order  to  induce  ovulation  for  the  deposi¬ 
tion  of  sperm  recovered  from  uterus.  Next  morning  from  9  to  10  .\..\i.  that  is.  12  hours 
after  the  injection  of  smnen  into  the  uterus,  the  uterus  that  had  been  injected  with  sperm 
was  carefully  removed  and  flusht'd  with  .5  ml.  of  warm  saline.  In  order  to  eoneentrate 
spermatozoa  for  deposition  the  uterini*  washing  was  centrifuged  at  3,200  R.P..M.  for  20 
minutes.  .Mo.st  of  the  su|)ernatant  fluid  was  then  carefully  removed,  but  0.3  to  0.,5  ml.  of 
rmnaining  fluid  was  thoroughly  mixed  with  siierm  at  tin*  bottom  of  the  tube.  'I'lu*  mo¬ 
tility  of  sjierm  in  tin-  centrifuged  utmine  washing  was  examiiu'd  under  a  low  powi'r  micro¬ 
scope  and  was  reeonh'd  with  symbols  0,  1,  2,  3;  0  dmioti's  no  progressive  motility,  3  the 
best  motility. 

flank  incision  was  made  on  the  rabbits  that  had  been  injected  intravenously  with 
pituitary  extract  at  9-10  p.m.  and  the  fallojiian  tube  was  expo.sed.  (Since  rabbits  ovulate 
about  10  Ill’s,  after  an  intravenous  injection  of  pituitary  extract,  at  this  time,  9-10  .\.M.. 
the  ova  in  the  fallojiian  tube  w(>re  about  2  to  3  hours  iiost-ovulatory.)  'I'hen  about  O.Ot 
to  0.05  ml.  of  centrifuged  uterine  s])erm  suspension  in  a  glass  pipette,  1  mm.  in  diameter 
was  depo.sited  into  the  toj)  of  the  fallopian  tube  through  the  infundibulum.  In  order  to 
control  the  variations  in  sperm  quality  and  the  viability  of  ova.  spcuni  recovered  fron. 
the  uterus  of  an  estrous  rabbit  or  from  a  rabbit  treated  with  estrogen  were  deposited 
into  the  left  tube  and  thosi*  recovered  from  the  uterus  of  a  pseudopregnant  rabbit  oi 
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from  a  ral)l)it  treated  with  laof'i'sterone  were  (h'posited  into  tlu>  ri^lit  tube  of  the  same 
ral>l)it.  After  deirositiou,  tlie  eoneimtration  of  s]H‘rm  and  white*  eells  in  the  sperm  sample* 
were*  e*stimate*el  l)y  means  e>f  hae*me)e*yte)me*te*rs,  anel  the*  nund>e*r  e>f  spe*ini  eh*i)osite*el  intee 
eacli  tube  was  ealeidate'el.  One*  elay  late'i',  the*  falleepian  tube*  was  ie*me)ve*el  anel  fliishe*d 
with  saline*.  'I'he*  eeva  thus  re*eove*re*d  we*re*  me>uute*el  i«  tolo  een  a  slieh*  anel  e‘xamine*el  un>h*r 
a  hi}fh  mafinifie*atie>n  mie*re)se*e>pe*  be*fe)re*,  afte*r  fixatiem,  anel  afte-r  stainin'^  (o).  The*  e>va 
wendel  be*  at  a  4-N  e*e*ll  sta}?e*  if  fe*rtilize*d,  e>r  at  the*  se*ee)nd  maturatiem  s|)indle*  sta};e  "ith 
ernly  erne*  jeeelar  beeely  if  unfe-rtilize'e!.  The*  numbe*r  eef  s))e*rm  em  the*  zona  ])>*llue*ida  e)f  e*aeh 
ovum  was  e-emnte'd.  If  the*  nund)e*r  was  more*  than  eme*  hunelre'd,  it  was  note'el  as  a  hundre*d. 

RESULTS 

Tal)U‘  1  presents  data  obtained  when  rabbit  semen  was  injeeteel  into  tlu' 
uteri  of  pseudopreKuant  or  of  estroiis  ral)bits  for  12  hours  and  then  de¬ 
posited  into  the  fallopian  tube  of  another  rabbit  that  had  ovulated  very 
recently.  From  Table  1  it  is  (piite  obvious  that  essentially  no  ovum  was 
fertilized  if  the  eleposited  sperm  were  incubated  in  the  uterus  of  (i-l  1  days 
pseudopresnant  rabbits  with  or  without  or  estrogen  treat¬ 

ment.  There  were,  however,  ()3%  of  fertilized  ova  ol)tained  when  the 
deposited  sperm  had  been  incubated  in  the  uterus  of  an  estrous  rabbit  for 
12  hours.  In  contrast,  only  2.1%  of  ova  were  fertilized  if  the  deposited 
sperm  had  been  incubated  in  the  uterus  of  an  estrous  rabbit  that  had  been 
treated  with  progesterone.  It  seems  therefore  that  treatment  of  pseudo¬ 
pregnant  rabbits  with  either  gonadotrophin  or  estrogen  did  not  imj)rove 
their  ability  to  capacitate  sperm,  but  treatment  of  estrous  rabbits  with 
progesterone  did  inhibit  their  function  of  sperm  capacitation. 

The  number  of  sperm  recovered  from  the  uterus  of  a  pseudopregnant 
rabbit  or  of  estrous  rabbit  treated  with  progesterone  in  general  was  more 
than  that  recovered  from  the  uterus  of  an  estrous  rabbit.  This  is  shown  by  a 
higher  number  of  sperm  in  a  definite  volume  that  was  deposited  into  each 
tube  as  presented  in  Table  1.  The  average  motility  grade  of  sperm  re¬ 
covered  from  the  pseudopregnant  uterus  was  only  slightly  lower  than  that 
recovered  from  the  estrous  uterus,  and  yet  the  fertilizing  capacity  of  sperm 
recovered  from  the  pseudopregnant  uterus  was  practically  nil  {0-2.4%)  as 
compared  with  that  recovered  from  the  estrous  uterus  (t)d%).  In  this  re¬ 
spect,  the  motility  of  sperm  recovered  from  the  uteri  of  estrous  rabbits 
treated  with  progesterone  was  just  as  good  as  that  of  sperm  recovered  from 
estrous  rabbits,  but  there  was  a  great  dilference  in  their  fertilizing  capacity 
(2.1%  vs.  (lI%).  The  proportion  of  sperm  heads  was  higher  in  the  samples 
obtained  from  the  uterus  of  the  pseudopregnant  rabbit  without  treatment 
or  with  the  treatment  of  estrogen  (.‘Il-:i4%)  than  in  those  samples  obtained 
from  the  uterus  of  pseudopregnant  rabbits  treated  with  gonadotrophin 
(4%)  or  from  the  uterus  of  the  estrous  rabbit  without  treatment  (4.8%)  or 
of  the  estrous  rabbit  treated  with  progesterone  (4%).  Only  a  very  few  ova 
had  no  sperm  on  the  zona  pellucida,  and  most  of  them  had  a  great  many 
'perm  on  their  zona  pellucida  whetlier  fertilized  or  unfertilized. 

Table  2  presents  data  obtained  when  rabbit  semen  was  injected  into  the 
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uteri  of  immature  or  ovarieetomized  ral)l)its  for  12  liours  and  then  de¬ 
posited  into  the  fallopian  tube  of  another  rabbit  that  had  recently  ovulated. 
From  Table  2  it  is  clear  that  capacitation  of  sperm  can  be  achieved  in  the 
uterus  of  the  immature  or  as  ovariectomized  rabbit  with  or  without  the 
stimulation  of  either  gonadotrophin  or  estrogen.  This  shows  that  the 
capacitation  of  sperm  in  the  uterus  is  not  necessarily  enhanced  by  the 
participation  of  estrogen  or  gonadotrophin.  By  treatment  of  immature  or 
ovariectomized  animals  with  progesterone,  however,  the  capacitation  of 
sperm  in  the  uterus  was  inhibited.  This  is  shown  by  the  fact  that  oidy  to 
S%  of  fertilized  ova  were  obtained  when  the  deposited  sperms  were  re¬ 
covered  from  the  uteri  of  animals  treated  with  progesterone  whereas  2(1  to 
()9%  of  fertilized  ova  were  obtained  when  the  deposited  sperm  was  re¬ 
covered  from  the  uteri  of  immature  or  ovariectomized  rabbits,  with  or 
without  the  treatment  with  either  gonadotrophin  or  estrogen.  There  was 
no  obvious  difference  in  the  number  of  sperm  recovered  from  the  uterus  as 
reflected  by  the  number  deposited  into  each  tube  or  in  the  motility  of 
sperm  recovered  from  the  uterus  of  these  animals  with  or  without  treat¬ 
ment.  The  number  of  sperm  recovered  from  immature  or  ovariectomized 
animals  in  general  was  lower  than  that  recovered  from  pseudopregnant 
animals  but  not  much  lower  than  that  from  the  estrous  animals  (Tables  1 
and  2).  There  was  some  indication  that  the  concentration  of  white  cells  was 
higher  in  tho.se  immature  animals  treated  with  estrogen  and  in  tho.se 
ovariectomized  animals  treated  with  estrogen  or  gonadotrophin.  The 
average  number  of  sperm  on  the  zona  pellucida,  in  general,  was  higher  in 
the  fertilized  ova  than  in  the  unfertilized  ova. 

Throughout  this  study  penicillin  was  added  to  semen  before  injection 
into  the  uterus  as  an  anti.septic  measure.  In  order  to  determine  whether  or 
not  the  addition  of  antibiotic  to  semen  plays  a  part  for  the  capacitation  of 
sperm  in  the  uterus,  aliquots  of  an  ejaculate,  one  with  penicillin  (2, ()()() 
units  ml.  of  .semen)  and  one  without  penicillin  were  injected  into  the  left 
or  into  tlie  right  uterus  of  e.strous  rabbits.  When  the  sperm  recovered  from 
the  penicillin-treated  and  untreated  samples  were  deposited  into  (separate) 
tubes  of  a  rabbit  the  proportion  of  fertilized  ova  was  very  much  the  same 
on  the  two  .sides  (oS%  vs.  o()%)  as  shown  in  Table  3. 

As  it  is  known  that  the  uterus  is  more  susceptible  to  infection  at  the 
luteal  phase  than  at  the  follicular  phase  (11)  and  that  semen  contains  a 
large  number  of  bacteria  (S)  it  was  thought  that  the  inhibition  of  the  capac¬ 
itation  of  sperm  in  the  pseudopregnant  uterus  might  be  due  to  a  microbial 
reaction.  Thus  penicillin  (2,000  units  ml.  of  .semen)  and  streptomycin 
(00-110  mg.  streptomycin  sulfate  ml.  of  semen)  were  added  to  the  semen 
■md  then  injected  into  the  pseudopregnant  uterus  to  determine  whether  or 
not  the  capacitation  of  sperm  could  be  achieved  in  the  pseudopregnant 
Items.  Furthermore,  the  bacterial  contamination  would  be  eliminated  if 
■pididymal  sperm  were  u.sed.  Thus  sperm  recovered  from  excised  cauda 
epididymis  suspended  in  .saline  without  the  addition  of  antibiotics  were  in- 
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j(‘cl(‘(l  into  tiu'  ps(‘u<l<)pi(‘finanl  Jifonis.  As  sliown  in  T;>l)l(‘s  1  and  3,  Ircal- 
niciil  of  cjamlatod  sonuMi  witli  antibiotic  or  use  of  (*pididyinal  spcMin  in¬ 
creased  the  proportion  of  fertilized  ova  only  slifjhtly  (7.7-1).')%  vs.  0  - 
2.4%)  hut  did  not  increase  it  to  the  same  extent  as  did  the  deposition  of 
sperm  recovered  from  estrous  uterus  ((>3%).  It  appears  tliat  tlie  inhil)ition 
of  capacitation  of  sperm  in  tlie  pseadopregnant  uterus  is  not  entirely  due  to 
possil)le  infections  hut  is  due  to  certain  unknown  reactions  hetween 
spermatozoa  and  the  progestational  endometrium. 

.Vll  the  pseudopregnant  animals  used  in  this  study  were  at  h  to  14  days 
after  ovulation,  at  which  time  the  development  of  corpora  lutea  is  at  its 
peak.  A  few  tests  were  performed  to  determine  whether  capacitation  of 
sperm  can  he  achieved  in  the  uterus  before  the  full  development  of  the 
corpora  lutea,  or  at  the  end  of  pseudopregnancy.  As  shown  in  Table  3,  the 
capacitation  of  sperm  in  the  uterus  was  possible  if  the  animals  were  used  at 
1  day  or  11)  days  after  ovulation.  It  seems,  therefore,  that  the  inhibition  of 
capacitation  occurs  only  at  the  peak  of  the  progestational  activity  of  the 
uterus. 

It  is  known  that  following  administration  of  gonadotrophin  to  induce 
ovulation  the  fertility  of  pseudopregnant  rabbits  is  practically  nil,  al¬ 
though  about  00%  of  fertilized  ova  were  obtained  when  insemination  was 
performed  via  the  uterus  instead  of  via  the  vagina  (9,  10).  In  the  present 
study  when  .semen  was  injected  into  the  uterus  of  a  gonadotrophin-treated 
pseudopregnant  rabbit,  fertilized  ova  at  pronuclear  stages  were  invariably 
obtained  from  the  tubes  at  the  time  of  the  removal  of  uterus  for  flushing  of 
sperm.  As  it  is  demonstrated  in  the  present  study  that  capacitation  of 
sperm  cannot  be  achieved  in  the  pseudopregnant  uterus,  it  was  thought 
that  the  capacitation  of  sperm  must  have  been  achieved  in  the  tubes  of  the 
pseudopregnant  rabbits,  otherwise  fertilization  could  not  have  occured. 
When  0.2  ml.  of  semen  was  injected  into  each  tube  of  pseudopregnant  or 
of  estrous  animals  for  12  hours  and  then  sperm  was  recovered  and  deposited 
into  the  tube  of  another  animal,  ol%  or  74%  of  fertilized  ova  were  ob¬ 
tained  as  shown  in  Table  3.  It  is  (piite  clear,  therefore,  that  capacitation  of 
sperm  in  the  fallopian  tubes  does  occur  in  p.seudopregnant  animals. 

DISCUSSION* 

It  is  shown  in  Tables  1,  2  and  that  tlie  number  of  sperm  deposited  into 
each  tube  was  in  general  higher  in  the  .samples  recovered  from  the  pseudo¬ 
pregnant  uterus  or  from  the  uteri  of  animals  treated  with  progesterone  than 
in  those  samples  recovered  from  other  animals.  It  was  thought  that  tin 
lack  of  fertilization  in  the  former  ca.se  might  be  due  to  an  inhibitory  effect 
when  the  number  of  sperm  around  the  ovum  was  too  high.  This  is,  how¬ 
ever,  not  .so  because  (a)  the  ranges  of  sperm  number  deposited  into  eacl 
tube  in  the  ca.ses  where  fertilization  occurred  and  in  those  cases  where  n< 
fertilization  occurred  overlapped  and  (b)  the  number  of  sperm  depositee 
into  the  tube  was  not  low  in  the  ca^es  where  a  few  fertilized  ova  were  oh 
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taiiUMl  hy  deposition  of  sperm  recovered  from  the  pseudopre}>;nant  uterus 
or  from  the  uterus  of  animals  treated  with  progesterone. 

Furtliermore,  it  was  also  thought  that  the  eapacitatiou  of  sperm  in  the 
female  tract  might  he  a  simple  process  to  eliminate  a  large  number  of 
perm  in  the  uterus  rather  than  a  physiological  change  of  spermatozoa  in 
the  female  tract.  Thus,  freshly  ejaculated  sperms  or  epididymal  sperms 
vere  suspended  at  various  concentrations  in  saline  or  in  uterine  extract 
obtained  by  recovery  of  saline  that  had  been  injected  into  the  uterus  for 
<•-12  hours)  for  deposition.  It  was  also  tested  by  incubation  of  ejaculated 
perm  or  epididymal  sperm  at  various  concentrations  in  uterine  extract  for 
i-12  hours  at  38°  C.  However,  when  these  sperm  .samples  (the  number  of 
perm  deposited  into  each  tube  ranged  from  .002  to  l.lo  million)  were  de¬ 
posited  into  the  tubes  of  lo  animals  that  had  recently  ovulated,  only  one 
(lUt  of  118  ova  was  fertilized.  It  .seems  quite  evident  that  it  is  not  the  num- 
iter  of  sperm  around  the  ova  that  plays  a  part  but  a  physiological  change  of 
perm  during  their  sojourn  in  the  female  tract  that  enables  them  to  pene- 
irate  through  the  zona  pellucida. 

The  appearance  of  uterine  washings  obtained  at  the  recovery  of  sperm 
from  the  uterus  varied.  Some  samples  were  white  and  opaciue  with  white 
tis.sue  debris  and  others  were  transparent  and  clear.  Although  white  and 
opaque  fluid  was  often  obtained  from  the  pseudopregnant  uterus,  it  was 
also  obtained  from  the  estrous  uterus  or  in  the  uterus  of  rabbits  under 
treatment.  This  observation  led  us  to  determine  the  white  cell  concentra¬ 
tion  of  each  sample.  As  shown  in  Tables  1  and  2,  there  is  no  obvious  cor¬ 
relation  between  the  white  cell  concentration  and  the  fertilizing  capacity  of 
spermatozoa.  The  high  concentration  of  white  cells  may  be  correlated  with 
estrogen  stimulation,  as  shown  in  Table  2,  in  the  immature  and  ovariecto- 
niized  animals,  or  it  may  be  due  to  possible  infection  following  operation. 

The  motility  of  all  sperm  samples  at  the  time  of  injection  into  the  uterus 
was  very  good.  The  motility  of  sperm  after  a  sojourn  in  the  uterus  for  12 
hours  and  after  the  centrifugation  of  the  uterine  washing  was  also  very 
good;  progressively  motile  spermatozoa  were  observed  among  a  great  num- 
l)er  of  white  and  red  cells  in  every  ca.se  even  though  they  were  aggluti¬ 
nated.  When  freshly  ejaculated  semen  was  incubated  alone  or  incubated  at 
38°  C  in  saline,  in  saline  containing  .serum,  or  in  saline  extracts  of  the  es¬ 
trous  uterus  for  (>-12  hours,  the  spermatozoa  varied  from  not  motile,  to 
sluggishly  or  actively  motile,  but  these  never  had  fast  space-gaining  activ¬ 
ity  for  .so  long  a  time  as  tho.se  recovered  from  the  uterus.  It  appears  that 
tlie  metabolism  of  sperm  in  the  uterus  is  quite  different  from  that  in  the 
.Muninal  plasma  or  in  various  artificial  media  as  shown  by  the  maintenance 
of  their  motility.  Furthermore,  although  the  spermatozoa  recovered  from 
the  uterus  of  the  p.seudopregnant  rabbit  or  the  rabbit  treated  with  pro- 
g'.sterone  showed  good  motility,  they  were  unable  to  fertilize  an  ovum. 
'!  his  indicates  that  the  maintenance  of  motility  and  the  capacitation  of 
s  )erm  are  two  different  physiological  reactions  in  the  uterus. 
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'Flic  disappearance  and  disintegration  (separation  of  sperm  tail  from 
head)  of  sp(‘rm  in  the  nterns  of  estrous  rahhits  liave  heen  reported  (ti).  The 
relatively  larfje  mimher  of  sperm  and  the  relatively  hifj;h  proportion  of 
sperm  heads  present  in  the  pseudoprefinant  uterus  as  shown  in  the  present 
study  indicate  that  the  disappearanee  of  sperm  is  less  severe  than  the  dis¬ 
integration  of  sperm  in  the  pseudopregnant  uterus.  Since  the  eapacitation 
of  sperm  was  inhibited  in  the  pseudopregnant  uterus,  it  seems  that  the  dis¬ 
integration  of  sperm  in  the  uterus  is  not  necessarily  a  selective  process  for 
the  eapacitation  of  sperm. 

It  is  expected  that  the  biochemical  constituents  and  the  physiological 
activity  of  the  uterine  lumen  at  the  follicular  phase  or  under  the  influence 
of  estrogen  would  be  different  from  those  at  the  luteal  phase  or  under  the 
influence  of  progesterone.  Though  we  do  not  know  exactly  the  physiological 
mechanism  of  the  eapacitation  of  sperm  in  the  uterus  or  in  the  fallopian 
tube,  it  appears  that  the  eapacitation  of  sperm  is  independent  of  gonado¬ 
tropic  or  estrogenic  stimulation  of  the  uterus,  and  that  its  physiological 
mechanism  is  inhibited  by  the  progestational  reaction  of  the  endometrium 
under  the  influence  of  progesterone.  Since  the  eapacitation  of  sperm  in  the 
fallopian  tubes  was  not  inhibited  at  the  luteal  phase,  it  implies  that  either 
the  activity  of  the  tube  is  entirely  independent  of  the  influence  of  pro¬ 
gesterone  or  that  the  physiological  mechanism  of  eapacitation  of  sperm  in 
the  tube  is  different  from  that  in  the  uterus.  .\s  it  has  been  shown  that 
eapacitation  of  sperm  can  be  partially  achieved  in  the  uterus  and  then  ac¬ 
complished  in  the  fallopian  tube  (4),  it  is  unlikely  that  the  physiological 
mechanism  of  eapacitation  in  the  uterus  is  different  from  that  in  the  fallo¬ 
pian  tubes.  Moreover,  it  has  been  shown  that  the  capacitated  sperm  (re¬ 
covered  from  the  uterus  12  hours  after  mating)  can  be  rendered  incapabh* 
of  fertilization  by  treatment  of  sperm  with  o%  of  seminal  plasma  (7).  In 
this  respect  one  wonders  if  the  spermatozoa  were  actually  capacitated  in 
the  pseudopregnant  uterus  and  then  rendered  incapable  of  fertilization  by 
certain  constituents  present  in  the  progestational  endometrium,  or  if  then- 
are  some  constituents  present  in  the  pseudopregnant  uterus  that  block  the 
mechanism  of  eapacitation. 
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AHSTHAC'T 

l*a|)(“r  (“l(‘cti<»i)li()rctic  analysis  of  saline  extraets  of  rat  a(U‘noliy])oi)hyse;il 
tissue  has  (lenionstiated  tlu'  jjiesenee  of  a  j)rotein  component  whieh  disappeared 
following  thyi'oidc'etomy  or  tliiouraeil  fet'diiifr,  and  was  ri'storc'  1  aftt'r  thyioxine 
administration.  Since  eastiation  and  adiamaha-tc  my  went'  without  effect  on  this 
constituent,  it  is  relernMl  to  as  the  “thyroid-lahile”  component  of  the  adeno¬ 
hypophysis.  lixtraets  of  rat  anterior  pituitary  nhmds  whieh  had  ])reviously 
lieen  incubated  in  ritro  in  a  medium  eontaininfj  lysine-2-(’'^  were'  suhjt'cted  to 
paper  t‘leeti'oi)horesis.  Radioactivity  was  detected  in  the  rei^ion  of  tlu*  “thyroid- 
lahile”  component.  Since  the  amount  of  radioactivity  in  this  area  was  the  same 
in  extraets  from  normal  and  thyroideetomized  rats  it  was  eoneluded  that  the 
isotope  had  hc'cn  incorporated  into  minor  protein  constituents  with  mobilities 
similar  to  that  of  the  “thyroid-lahile”  component.  Roth  firowth  hormone  and 
thyrotropin  were  localized  in  the  region  of  the  “thyr(»id-lahile”  component,  hut 
diffei'cina's  in  post-thyioideetomy  disai)i)earanee  lates  of  the  hormones  ami 
the  “thyroid-lahile”  component  were  ineom])atihle  with  tin*  view  that  the  latter 
mifilit  he  hormonal  in  nature.  'I'he  hypothesis  is  advanced  that  tin*  “thvioid- 
lahile”  component  is  redated  to  the  acidophilic  cells  of  the  adenohyi)ophysis. 

Till*]  functional  state  of  the  thyroid  f2:lan(l  has  a  marked  itifiuence  on 
the  structure  and  function  of  the  adenohypophysis.  Thyroidectomy 
results  in  enlargement  of  the  pituitary  gland  (1-4),  accompanied  by  hyper¬ 
trophy  and  vacuolization  of  the  basophils  and  degranulation  of  the  acido¬ 
phils  of  this  structure  (M,  o-R).  Production  of  thyrotropin  (10-12)  and 
oxygen  consumption  of  pituitary  tissue  in  ritro  (4)  are  also  influenced  by 
the  level  of  thyroidal  activity. 

These  findings  suggested  that  further  studies  were  in  order  on  the  influ¬ 
ence  of  thyroid  function  on  the  biochemistry  of  the  adenohypophysis.  The 
present  investigation  demonstrates  a  striking  change  in  the  electrophoretic 
pattern  of  the  soluble  proteins  of  the  rat  pituitary  gland  which  can  be  re¬ 
lated  specifically  to  the  action  of  the  thyroid  hormone. 
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MATERIALS  AND  METHODS 
Paper  electrophoresis  of  pituitary  extracts 

Mal(*,  Sprague-Dawlcy  rats  \v(mt  subjected  to  thyroidectomy,  castration,  or  adrenal- 
(*ctomy  under  ether  anesthesia.  The  adrenalectomized  rats  were  maintained  on  0.9% 
saline  drinking  water.  Some  of  the  animals  in  each  group  were  given  daily  injections  of 
either  20  jug.  of  d/-thyro.\ine,  1  mg.  of  t(>stost(*rone  j)ropionate,  or  2  mg.  of  cortisone,  as 
i(‘|)lac»“ment  therai)y.  All  were  inj«*ct(‘d  subcutaneously  for  7  days  prior  to  killing  and 
were  kilh'd  21  days  after  the  operation.  I’noperated  rats  were  fed  a  diet  of  ground 
Puriiu.  laboratory  chow  containing  0.1%  thiouracil.  Some  of  these  latter  animals  were 
injected  with  20  /ig.  of  d/-thyroxine  daily  for  the  last  10  days  of  the  30-day  feeding 
period. 

The  rats  were  killed  by  exsanguination  under  nembutal  ane.sthesia,  the  pituitary 
glands  were  removed,  and  the  posterior  lobes  separat(“d  and  discarded.  Groups  of  8 
adenohypophyses  were  pooled  and  homogeniz(‘d  in  0.1  cc.  of  cold  saline  in  ground-glass 
homogeniz(‘rs  of  0.3  cc.  cai)acity  (7X50  mm.).  The  homog«-nizer  tubes  were  placed  in 
|)lastic  ada|)ters  fitted  to  the  multi-speed  attachment  of  the  International  refrigerated 
centrifuge.  The  samples  were  centrifuged  in  the  cohl  (4°  C')  for  one  hour  at  15,000Xg. 
.V  microi)ipette  was  used  to  api)ly  0.02  cc.  of  tin*  supcM  iiate  to  buffer-moistened  strips  of 
Whatman  Xo.  1  filter  pap(‘r  (Ij*  width)  which  had  |)reviously  been  stretched  on  a  nori- 
zontal  i)lastic  rack.  Electrophoresis  was  carried  out  overnight  in  the  cold  at  a  current 
of  2.5  ma  per  strij).  The  buffer  contained  sodium  diethylbarbiturate,  sodium  acetate, 
and  sodium  chloride  in  molal  ratio  of  2:1:1,  anil  the  pH  was  adjusted  to  8.6  with  IX’ 
IIC'l.  This  buffer  was  selected  on  the  basis  of  the  observation  that  the  |)resence  of  sodium 
chloride  j)romoted  clean  .separation  of  the  albumin  and  a  1 -globulin  components  of  rat 
serum.  Ojdimal  sej)aration  of  comj)onents  was  attained  at  an  ionic  strength  of  0.08, 
higher  concentrations  comi)r('ssing  the  j)attern  and  lower  ones  causing  sjireading  of 
individual  bands.  Several  types  of  aj)i)aratus,  both  commercial  and  homemade,  were 
(“mi)loyed  during  the  preliminary  phases  of  the  investigation.  These  included  the  tech¬ 
niques  of  tentlike  suspension  of  the  i)ai)er  over  a  glass  ridgej)ole,  sandwiching  of  the 
jiaper  between  glass  i)lates,  and  open  horizontal  suspi  nsion  of  the  pa|)er  strips.  The 
apparatus  ultimately  designed  and  used  utilized  the  princij)le  of  oi)en  horizontal  sus¬ 
pension,  and  yieldi'd  the  most  satisfactory  results  with  tissue  extracts.  After  eh'ctro- 
phoresis,  the  stri|)s  were  oven-dried  (90°  C)  for  J  hour  and  stained  with  bromj)h(‘nol 
blue. 

A  considerable  diffusion  artifact  was  introduced  into  the  system  by  applying  the 
test  samples  at  the  cathode  (‘iid  of  the  jjaper  before  buffer  equilibrium  had  been  reached. 
.Vs  the  buffer  flowed  along  the  j)aper  by  capillary  action  the  test  sample  was  carried 
along  with  it,  resulting  in  a  gimcualizi'd  dislocation  of  the  entire  pattern  relative  to  thi* 
origin.  'I'his  com|)romis(‘  was  resorted  to  because  the  patti'rns  obtained  by  apj)lying  the 
sample  to  the  fully  equilibrated  j)aj)er  were  far  too  diffuse.  The  method  of  Kunkel  and 
I'iselius  (13),  in  which  the  paper  is  sandwiched  between  glass  plates,  was  found  to  be 
inadequate  for  u.se  with  tissue  extracts  because  of  the  formation  of  tongues  of  protein¬ 
aceous  material  with  little  resolution  of  individual  components.  Reasonably  good  .serum 
patterns  were  obtained  regardless  of  the  method. 

Incubation  of  adenohypophyseal  tissue  with  lysine-2-C^* 

Groups  of  8  adenohypophy.ses  from  normal  and  thyroidectomized  rats  were  incu¬ 
bated  for  3  hours  at  37°  C  in  Warburg  flasks  containing  0.1  pc.  of  lysine-2-C*^  dissolved  in 
0.5  cc.  of  rat  serum  or  saline.  Following  incubation,  the  tissue  was  washed  in  .several 
changes  of  cold  Ringin'  solution,  and  supernates  were  prepared  and  run  electropho- 
retically  as  described  above.  The  strips  were  oven-dried  and,  prior  to  staining,  were 
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■icaimed  with  a  XucK-ar  Actifjraph  and  l)-47  How  counter  (‘(luippcd  witli  a  inicroinil 
window.  .Vctivity  was  recorded  through  a  rate  meter  conneeted  to  an  Estcrline-Ansus 
ink  writer.  .Vfter  scanning,  the  strips  were  stained  and  rescanned  to  make  certain  that  the 
activity  did  not  wash  out  of  the  pajjer.  'I'he  radioactive  jicaks  were  then  correlated  with 
the  stained  comj)onents  of  tlie  eha‘ti’oi)hor(‘tic  pattern.  Samples  of  the  medium  were 
run  electrophoretically  and  scanned  in  order  to  loealize  the  position  of  the  free  amino 
acid  and  also  to  determine  if  any  of  the  l)ound  radioactivity  minht  have  been  reh'ased 
from  the  tissue. 

Ilormotidl  activity  of  eluted  electrophoretic  couiponeutu 

E.xtracts  of  normal  rat  i)ituitary  tissue  were  run  electrophoretically  and  the  pa|)er 
strips,  while  still  moist,  were  cut  into  sections  corresponding  to  the  components  which 
had  been  located  by  staining  duplicate  strips.  The  sections  were  macerated  in  2-3  cc. 
of  acidifii'd  saline  and  kejrt  in  the  refrigerator  overnight.  After  centrifugation,  the  super- 
nates  were  l)ioa.ssayed  for  hoi  inonal  activity.  Thyrotroj)in  was  estimated  quantitatively 
by  the  effe<-t  of  a  single  intravenous  injection  of  the  test  sanijile  on  the  uptake  of  I’’*  by 
tile  thyroid  glands  of  male  rats  which  had  been  pretreated  with  thyroid  powder  (14); 
and  qualitatively  by  P'”  uptake  by  the  thyroid  glands  of  hyiiophysectomized  female 
rats. 

(li’owth  hormone  was  determined  by  the  increase  in  width  of  the  pro.ximal  tiliial 
ej)ij)hysis  in  hypophysectomized  female  rats  after  3  daily  injections  of  the  test  sample. 
\t  autopsy,  the  tibias  were  sjilit  longitudinally  in  the  mid-sagittal  jilane,  Hxed  in  Bouin’s 
Huid,  decalciHed  with  b%  trichloroacc'tic  acid  and  pre|)ared  for  histological  (examination. 
I'he  width  of  the  ei)iphyseal  disc  was  measured  with  an  ocular  micrometer.  This  is 
essentially  the  method  of  Kibrick  et  al.  (15).  Gonadotrojiic  activity  was  detected  by  tlu' 
increase  in  ovaiian  and  ut(‘rine  weights  in  hyj)oj)hysectomized  rats.  For  (pialitative 
estimates  of  the  localization  of  the  iiituitary  hormones  in  tin*  various  electrophoretic 
components,  it  was  convenient  to  carry  out  all  the  jirocedures  in  the  same  animals.  No 
attc'inpt  was  made  to  estimate  .\CTH,  although  adnmal  weights  were  determiiu'd 
loutinely  in  tin*  assay  lats. 


RESULTS 

Paper  electrophoresis  of  pituitary  extracts 

Figure  1  illustrates  the  electrophoretic  patterns  of  pituitary  extracts  of 
a  variety  of  animals.  Three  major  components  were  generally  oh.servetl  in 
the  normal  pattern.  These  studies  will  deal  chiefly  with  the  prominent 
>low  hand  which  appears  consi.stently  in  all  the  patterns  (indicated  in  ['"ig- 
iire  1  hy  arrows).  This  hand  will  he  referred  to  helow  as  the  “thyroid- 
lahile”  component.  Human  and  rat  serum  patterns  are  also  included  in 
Figure  1  to  illustrate  the  dislocation  of  the  entire  pattern  relative  to  the 
origin,  and  to  show  that  the  “thyroid-lahile”  component  has  a  mobility 
cf|uivalent  to  that  of  /3-glohulin. 

Figure  2  demon.strates  that  the  electrophoretic  pattern  of  adenohypo- 
physeal  proteins  is  profoundly  altered  hy  the  function  status  of  the  thyroid 
gland.  Thyroidectomy  or  thiouracil-feeding  leads  to  almost  total  disap- 
iiearance  of  the  “thyroid-lahile”  component,  and  thyroxine  treatment  re- 
’urns  it  to  its  normal  density.  It  was  uniformly  observed  that  the  disap- 
))earance  of  the  “thyroid-labile”  component  after  thyroidectomy  un- 
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HUMAN  SERUM 
RAT  SERUM 


RAT  ANT.  PIT. 
RABBIT  ANT.  PIT. 
GUINEA  PIG  ANT.  PIT. 

DOG  ANT.  PIT. 

BEEF  ANT.  PIT. 


BEEF  POST.  PIT. 


Fk;.  1.  PajM'r  (“li'ctroplKUctic  patt»“rns  of  anterior  i)ituitary  extracts.  Human  and 
rat  stM'Uin  and  l>eef  posterior  i)ituitary  ])atterns  sliown  for  eoniirarison.  The  origin  is 
indicated  l)y  the  vertical  lines  to  the  left  of  each  j)attern. 

masked  2  or  d  faiiitly-stainin";  hands  whieli  would  he  obscured  in  the  nor¬ 
mal  electrophoretic  pattern.  Castration  and  adrenalectomy  were  without 
effect  on  the  electrophoretic  pattern. 

The  obviously  poor  resolving  power  of  the  paper  electrophoretic  tech¬ 
nique  reduces  its  value  in  the  present  studies.  However,  preliminary  re¬ 
sults  have  been  obtained  with  starch  gel  electrophoresis  run  according  to 
the  method  of  Smithies  (Ki).  Figure  d  shows  the  excellent  resolution  of  the 
protein  constituents  of  rat  pituitary  extract  (at  least  9  bands  were  visibh 
although  all  do  not  show  in  the  photograph),  and  the  dramatic  disappear¬ 
ance  of  the  “thyroid-labile”  component  following  thyroidectomy.  The  ; 
major  components  seen  in  the  patterns  obtained  by  paper  electrophoresis 
(Fig.  1)  were  each  cut  out  of  the  paper  and  re-run  by  the  starch  gel  method 
They  retained  their  relative  positions  in  the  starch  gel  and  could  lx 
matched  with  the  components  in  the  patterns  obtained  with  whole  ex 
tract  run  directly  by  the  starch  gel  method.  The.se  findings  will  be  reportC' 
in  a  future  communication. 
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PAPER  ELECTROPHORESIS 


Fig.  2.  Papi'r  ('Icctiophorctic  jiattcrns  of  rat  antiM'ior  jiituitary  extracts  showiii};;  dis- 
apjM'arancc  of  “thyroirl-lahilc”  component  after  thyroidectomy  or  tliiouiacil  feediiif^. 

fn  vitro  incorporation  of  ('^'-labeled  amino  acids  into  pituitary  proteins 

Preliminary  studies  were  carried  out  with  isotopic  alanine  and  phenyl¬ 
alanine.  After  3  hours  of  incubation  of  pituitary  tis.sue  in  .serum  containing 
either  of  these  amino  acids,  there  appeared  to  he  some  slight  incorporation 
of  radioactivity  in  the  region  of  the  “thyroid-labile”  component  of  the 
pituitary  electrophoretic  pattern.  However,  the  free  amino  acids  also  were 
localized  in  the  same  area.  This  meant  that  the  radioactivity  in  the  “thy¬ 
roid-labile”  component  could  have  resulted  from  contamination,  even 
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Fig.  3.  Starch  gel  electrophoresis  of  rat  anterior  i)ituitary  extracts.  Fatti'ins  arc 
shown  for  two  diffi'rent  s<‘ts  of  normal  and  tliyroidectomized  rats. 


though  it  fouUl  not  lie  entirely  washed  out  of  the  paper.  Mierodialysis 
teehniciues  were  investigated  as  a  means  of  removing  the  nnineorporated 
isotopie  amino  acids  from  the  pituitary  extract  prior  to  electrophoresis, 
hut  the  minute  amount  of  extract  available  for  each  run  (usually  about 
0.05  cc.)  did  not  favor  such  an  approach.  This  problem  was  circumvented 
by  using  another  amino  acid  which  could  be  handled  more  conveniently 
Ly.sine  was  selected  because,  as  a  basic  compound,  it  would  migrate  to  the 
cathode  at  the  pH  employed  for  electrophoresis,  while  the  proteins  mi¬ 
grated  to  the  anode.  Thus,  any  radioactive  peaks  detected  in  the  protein- 
staining  area  would  represent  protein-bound  lysine. 

Pituitary  glands  from  normal  rats  were  incubated  for  15,  90,  and  18( 
minutes  in  serum  containing  C^^-labeled  lysine  as  described  in  the  mate¬ 
rials  AND  METHODS  section  above.  Duplicate  aliquots  of  the  extracts  wen 
run  electrophoretically  for  .‘1  or  Iti  hours.  The  5-hour  runs  were  stainci’ 
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3  HOUR  ELECTROPHORESIS -NINHYDRIN 
I5*JNCUBATI0N  180^  INCUBATION 


16  HOUR  ELECTROPHORESIS -BROMPHENOL  BLUE 
15'  INCUBATION  90'  INCUBATION  180'  INCUBATION 


Fig.  4.  Incorporation  of  lysinc-2-C''^  into  soluble  proteins  of  tin'  rat 
anterior  pituitary  gland. 

with  ninhydrin  to  locate  the  position  of  free  lysine  and  the  Ki-hour  runs 
were  stained  with  hromphenol  blue.  The  ninhydrin-stained  areas  were 
marked  artificially  because  of  their  tendency  to  fade.  The  upper  tracings 
in  Figure  4  show  the  large  peaks  of  lysine  radioactivity  moving  toward 
the  cathode.  A  smaller  peak  persi.sted  in  the  protein  region  in  the  sample 
incubated  for  180  minutes.  The  lower  tracings  show  that  the  protein- 
bound  radioactivity  increased  with  time  of  incubation,  suggesting  that  the 
phenomenon  was  mediated  by  a  biological  (enzymatic)  rather  than  a 
physical  (adsorptive)  process.  The  free  lysine  contaminant  is  not  present 
in  the  lower  tracings  because  electrophoresis  was  carried  out  for  10  hours 
and  in  that  time  the  lysine  migrated  into  the  cathodal  buffer  vessel. 

Figure  5  demonstrates  that  lysine  incorporation  occurs  oidy  if  incubation 
is  carried  out  in  rat  serum;  no  incorporation  takes  place  if  the  tissues  are 
incubated  in  Krebs-Ringer  phosphate  solution,  even  though  respiration 
is  equiv’alent  in  both  media.  In  this  experiment  the  strips  were  counted 
with  a  gas  flow  counter  mounted  on  a  .‘support  which  automatically  ad¬ 
vanced  the  strips  0..o  cm.  after  each  counting  period. 
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P'lc.  5.  Iiic(ii|)(tiati(>n  of  lysiii»‘-2-(’'^  into  pituitary  proteins.  Coinparison 
of  incul)ations  in  serum  and  saline. 


In  Figure  4  it  is  seen  that  the  radioactive  peaks  after  hO  and  ISO  minutes 
of  incubation  correspond  to  the  center  of  the  “thyroid-labile”  component. 
This  correspondence  is  also  .seen  in  Figure  o.  It  is  difficult  to  ascertain  from 
these  figures  whether  there  is  specific  incorporation  of  isotope  into  the 
“thyroid-labile”  component  or  if  the  concentration  of  radioactivity  is 
merely  proportional  to  the  staining  intensity  of  the  proteins.  However, 
Figure  fi  indicates  that  there  is  little  difference  in  the  incorporation  of 
lysine  into  the  area  of  the  “thyroid-labile”  component  of  normal  and 
thyroidectomized  rat  pituitary  extracts,  even  though  there  is  a  great  dif¬ 
ference  in  the  amount  of  protein  in  this  area  in  the  two  groups. 

Hormonal  activity  of  eluted  electrophoretic  components 

A  preliminary  .study  was  conducted  on  the  quantitative  recovery  oi 
thyrotropic  activity  from  the  eluted  fractions  of  rat  pituitary  extract.  Tin 
original  extract  was  found  to  contain  200  U.S.P.  milliunits  of  thyrotropii 
activity/0.02  cc.  (as  determined  by  bioassay).  Duplicate  .samples  of  0.02  cc 
of  extract  were  run  elect rophoretically.  One  was  stained  with  brompheno 


Fig.  ().  iMCDi  poration  of  ly.siiu‘-2-('‘^  into  pituitary  inotcins  of  normal 
and  thyroidoctoinizod  rats. 

blue  to  locate  tlie  protein  components  and  tlie  other  was  cut  into  sections 
corresponding  the  main  constituents  on  the  stained  strip.  Figure  7 
sliows  the  stained  strip,  the  division  of  the  electrophoretic  pattern  into 
sections,  and  the  recovery  of  thyrotropic  activity  from  each  section  of  the 
eluted  strip.  Most  of  the  activity  was  in  section  2,  corresponding  to  the 
“thyroid-labile”  component.  The  small  amount  of  activity  in  section  1 
probably  repre.sents  trailing  of  the  hormonally  active  material.  Complete 
recovery  of  thyrotropic  activity  was  obtained. 

Table  1  summarizes  the  experiments  in  which  simultaneous  determina¬ 
tion  of  thyrotropic,  gonadotropic,  and  growth  hormone  activities  were 
carried  out  in  the  same  hypophysectomized  rat.  (iroups  V  and  VI  show 
the  re.sults  obtained  with  the  growth  hormone  standard  (Armour’s  Somar). 
The  0.2  mg.  growth  hormone  standard  was  contaminated  with  about  75 
U.S.P.  milliunits  of  thyrotropin,  as  determined  by  thyroidal  uptake  of 
(compare  with  (Iroup  III).  Groups  VII-IX  illustrate  the  recovery  of 
growth  hormone  and  FSH  (Armour  Pituitary  Gonadotropin-  lot  no. 
H577200)  from  the  paper  strip  following  electrophoresis.  Duplicate  samples 
of  a  mixture  of  1  mg.  of  growth  hormone  and  5  mg.  of  FSH  were  subjected 
to  electrophoresis.  One  strip  was  stained  with  bromphenol  l>lue  and  the 
other  was  eluted  in  two  .sections,  one  corresponding  to  section  2  and  the 
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ollu'r  to  tlK‘  coiuhinod  sections  d  and  \  in  Figvirc  7.  l-aicli  assay  rat  re¬ 
ceived  J  of  tlie  total  eluate  in  three  divided  daily  doses.  To  cheek  com¬ 
pleteness  of  recovery  a  non-elect rophoresed  mixture  of  growth  hormone 
and  FSII  was  a.ssayed  along  with  the  eluted  fractions.  l‘au*h  rat  in  this 
group  received  0.2  mg.  of  growth  hormone  and  0.0  mg.  of  FSll,  repre.'^ent- 
ing  J  of  the  amount  of  these  .substances  applied  to  the  paper  for  electro¬ 
phoresis.  CJroup  VII  shows  the  hioassay  values  for  the  non-elect  rophoresed 
mixture.  (Iroup  VIII  demonstrates  that  both  growth  hormone  and  FSII 
were  located  in  section  2  and  that  recovery  was  virtually  complete  (com¬ 
pare  with  CJroup  VII).  (Jroup  IX 
indicates  that  no  hormonal  activ¬ 
ity  was  recovered  from  combined 
.sections  .3  and  4. 

The  results  of  a  .series  of  experi¬ 
ments  on  rat  pituitary  homogenate 
and  extract  are  seen  in  CJroups  X- 
XV.  (Jonadotropin,  thyrotropin, 
and  growth  hormone  were  detected 
in  the  homogenate  (Ciioups  X  and 
XI).  All  3  of  the.se  activities  were 
enhanced  when  the  homogenate 
was  diluted  with  the  electropho¬ 
retic  buffer  as  compared  with  sa¬ 
line.  This  was  done  to  make  cer¬ 
tain  that  the  buffer  would  not  inactivate  the  hormones  in  subsecpient  elec¬ 
trophoretic  studies,  (lonadotropic  activity  was  lost  when  the  homogenate 
was  centrifuged  and  only  the  supernate  injected  (CJroups  XII  and  XIII). 
However,  thyrotropic  and  growth  hormone  activity  were  retained.  Assay 
of  the  eluted  components  following  electrophoresis  of  the  supernate  showed 
that  thyrotropin  and  growth  hormone  were  localized  in  section  2  (the 
“thyroid-labile”  component),  with  no  activity  detectable  in  the  combined 
sections  3  and  4  (compare  CJroups  XIV  and  XV). 

DISCUSSION’ 

The  techniipie  of  paper  electrophoresis  has  been  employed  for  the  study 
of  extracts  of  adenohypophyseal  tissue.  Satisfactory  patterns,  showing 
three  major  components  in  rat  pituitary  extracts,  were  obtained  with  a 
method  involving  free  horizontal  suspension  of  the  paper  strips.  The 
slowe.st-moving  of  the.se  constituents  was  referred  to  as  the  “thyroid-labile” 
component  because  it  was  reduced  in  concentration  after  thyroidectomy 
or  thiouracil-feeding  and  was  restored  by  thyroxine  treatment.  Castration 
and  adrenalectomy  were  without  effect  in  this  regard. 

The  disappearance  of  the  “thyroid-labile”  component  after  thyroidec¬ 
tomy  has  not  been  fully  explored  but  a  tentative  explanation  can  be  ad- 
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Fig.  7.  Recovery  of  tliyrotropie  honnoiie 
activity  from  t‘lut»Ml  components  of  tiu'  rat 
pituitary  clcctro])liorctic  pattern. 
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vaii<’(Ml  thr()Ug:li  (*()iisi(lerati()u  of  several  possil)ilities. 

(1)  The  “thyroi(l-lal)ile”  component  might  he  growtli  hormone,  which 
was  eluted  from  this  region  and  which  is  known  to  decline  in  the  absence 
of  thyroid  activity.  However,  this  is  unlikely  because  the  decline  in  growth 
hormone  content  of  rat  adenohypophyses  after  thyroidectomy  is  not 
manifested  for  several  months  (17),  whereas  the  “thyroid-labile”  com¬ 
ponent  disappears  completely  in  20  days. 

(2)  The  “thyroid-labile”  component  might  be  thyrotropin,  also  re¬ 
coverable  from  this  region  and  which,  in  the  rat,  is  sharply  reduced  after 
thyroidectomy  as  the  result  of  its  rapid  discharge  into  the  blood  (12).  This 
conclusion  is  also  unwarranted  because,  while  the  thyrotropin  content  of 
the  pituitary  gland  declines  50-75%  after  thyroidectomy,  the  “thyroid- 
labile”  component  disappears  completely  at  an  equivalent  time  period. 
In  addition  the  small  amount  of  thyrotropin  in  the  rat  pituitary  gland  in 
terms  of  weight  could  not  account  for  the  heavy  concentration  of  the 
“thyroid-labile”  component  in  the  electrophoretic  patterns.  Our  studies 
indicate  that  the  adenohypophysis  of  the  normal  rat  contains  an  average 
of  about  200  U.S.P.  milliunits  of  thyrotropin  (with  a  range  of  100-500 
milliunits).  This  biological  activity  is  ecjuivalent  to  200  mS-  of  Armour 
Thytropar  or  155  /xg.  of  the  thyrotropin  preparation  used  in  making  up  the 
r.S.P.  Thyrotropin  Reference  Standard.  A  20-fold  purification  of  thyro¬ 
tropin  would  bring  this  value  down  to  less  than  10  /ig.  per  pituitary  gland. 
This  degree  of  purification  is  not  unlikely  in  view  of  investigations  cur¬ 
rently  pursuing  that  objective  (IS,  10). 

(5)  The  “thyroid-labile”  component  repre.sents  material  identical  with, 
or  derived  from,  acidophilic  granules  (not  necessarily  growth  hormone), 
which  disappear  completely  21  days  after  thyroidectomy  (20).  The  paral¬ 
lelism  in  the  disappearance  of  the  acidophils  and  the  “thyroid-labile” 
component  after  thyroidectomy  suggests  that  these  two  phenomena  might 
be  directly  related.  Indeed,  this  might  be  an  instance  of  the  same  protein 
constituent  visualized  by  two  different  means,  either  intracellular  staining 
or  staining  on  filter  paper  following  electrophoretic  resolution. 

The  amino  acid  uptake  study  was  conducted  in  order  to  determine  if 
this  could  be  related  to  the  experimentally-produced  fluctuations  in  the 
“thyroid-labile”  component.  However,  the  incorporation  of  ly.sine-2-C“ 
into  the  proteins  in  the  region  of  the  “thyroid-labile”  component  was  the 
same  in  normal  and  thyroidectomized  rats.  It  might  be  concluded,  there¬ 
fore,  that  the  “thyroid-labile”  component  was  not  the  one  containing  the 
isotope,  but  that  the  other  constituents  which  normally  are  masked  by 
the  “thyroid-labile”  component  were  the  ones  which  incorporated  the 
amino  acid. 

.\n  interesting  .side  feature  of  the  isotope  .studie.s  was  the  observation 
that  lysine  incorporation  occurred  when  incubation  was  carried  out  in 
serum  but  not  in  saline  buffer.  Borsook  and  coworkers  (21)  have  shown 
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that  incorporation  of  sevcnal  amino  acids  (incliulinji  lysine)  into  the  pro¬ 
teins  of  rabbit  reticulocytes  was  enhanced  in  plasma  as  compared  with 
saline.  It  was  further  demonstrated  (22)  that  boiled  liver  filtrate  stimu¬ 
lated  amino  acid  incorporation  into  reticulocyte  proteins.  Fructose-amino 
acids  were  implicated  as  the  stimulating  factor  in  the  liver  filtrate  but  not 
in  the  plasma. 

Our  recovery  of  rat  thyrotropin  from  an  electrophoretic  component  with 
a  mobility  similar  to  the  /3-slobulins  of  human  oi‘  rat  serum  confirms  the 
work  of  I.ameyer  ct  al.  (23),  who  reported  that  human  thyrotropic  ac¬ 
tivity  migrated  with  the  /j-globulin  of  human  serum. 
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PITUITARY  FUNCTION  IN  THE 
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AHSTRA(  T 

rats  were  tliyroidoctctinizcd,  {'‘'•li^dcctomizcd  or  suhji'ctcd  to  tlu‘ 
conihint'd  ojxMations  of  thyroidoctctmy  and  nonadcctoiny,  and  tlic  ])roduftions 
and  r(*l(*as(‘  of  j)ituitary  liorinonos  was  judged  by  the  status  of  tin*  endocrine 
organs,  by  the  morphology  of  the  ])ituitary.  and  by  bioassay  of  trophic  hor¬ 
mones  in  the  pituitary  and  |)lasma. 

1.  Aft(“r  thyroidectomy  (a)  the  pituitary  target  organs  atrophied,  (h)  tlu' 
plasma  showed  increased  amounts  of  thyroid  stimulating  hormone,  and 
decreased  amounts  of  growth  promoting  substances,  and  (e)  the  anterior 
pituitary  contained  decreased  thyrotrophie,  follicle  stimulating,  inter¬ 
stitial  cell  stimulating  and  growth  hormone  content. 

2.  After  gonadeetomy  (a)  the  aeec'.ssory  re|)roduetive  organs  atrophied,  (h) 
the  |)lasma  eontaiiUMl  inereascal  amounts  of  gonadotrophic,  and  normal 
amount  of  growth  ])romoting  substances,  (c)  the  anterior  pituitary  con¬ 
tained  increased  follicle  stimulating  and  interstitial  cell  stimulating  hor¬ 
mone  content  and  unchang('d  thyrotrophie  and  growth  hormone  content. 

3.  After  thyroidectomy  and  gonadeetomy  (a)  the  endocrine  and  reproduc¬ 
tive  organs  atrophi(‘d.  (h)  the  plasma  contained  increas(“d  amounts  of 
thyroid  stimulating  and  gonadotrophic  suh.stances  and  decreased 
amounts  of  growth  |)romoting  substance,  (c)  the  anterior  i)ituitary  con¬ 
tained  increased  amounts  of  follicle  stimulating  and  interstitial  cell 
.stimulating  hormones,  and  decreasc'd  amounts  of  thyrotrophie  and 
growth  hormones. 

4.  Histologically  detectable  evidence  of  the  activity  of  the  pituitary 
chromophils  correlatc'd  well  with  the  biological  findings. 

The  retardation  in  body  growth  of  the  thyroideetomized  rat  Iia.s  been 
attributed  to  pituitary  hypofunetion.  Dwarfi.sm  results  from  thy¬ 
roidectomy  and  growth  is  reinstated  by  growth  hormone.  Thyroxin  not 
only  induces  growth  in  the  thyroideetomized  rat  but  repairs  the  histological 
abnormalities  of  the  anterior  pituitary  (1,  2,  3).  The  impaired  develop¬ 
ment  of  the  reproductive  organs  and  adrenals  has  been  likewi.se  attributed 
to  pituitary  malfunction  (1,  4,  5,  6).  It  has  been  a.s.sumed  that  due  to  the 
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lack  of  the  thyroid  hormone  the  pituitrary  does  not  release,  possibly  does 
not  secrete,  the  gonadotrophic,  adrenocorticotrophic  and  growth  hormones, 
with  resultant  atrophy  of  the  target  organs  and  retardation  in  growth  (7, 
8).  Direct  evidence  has  not  been  presented  to  show  whether  the  defect  is 
due  to  reduced  ability  of  the  pituitary  to  produce  and  release  hormones  or 
of  the  target  organs  to  respond  to  pituitary  hormones  in  the  abseiu'c  of 
thyroxin. 

It  was  the  purpose  of  this  study  to  determine  the  production  and  release 
of  pituitary  hormones  in  the  thyroidectomized  rat,  as  judged  by  the  status 
of  the  target  organs,  the  morphology  of  the  pituitary,  and  by  bioassay  of 
trophic  hormones  in  the  pituitary  and  in  blood  plasma.  Using  these  cri¬ 
teria  an  attempt  was  made  to  determine  whether  the  pituitary  of  the 
thyroidectomized  rat  can  respond  after  castration  like  that  of  the  normal 
rat. 


.MATERIALS  AM)  .METHODS 

.Mal('  rats  of  the  Loiin-lCvans  strain  inaintainod  on  stock  diets  of  natural  foodstuffs- 
wcrc  subjected  to  thyroidectomy,  castration  or  to  botli  oix'iations.  Their  pituitaries 
\v(*re  assaye(l  for  liormone  content,  and  tlu‘  l)lood  |)lasina  was  simultaiK'ously  assayed 
for  evidence  of  circulating  hornn)ne.  .Vll  assays  were  conducted  in  hypophysectoinized 
immature  female  rats.'*  The  animals  were  2()-2S  days  old  at  operation.  Injections  wc-rc 
hcKun  two  weeks  post-oi)eiatively  and  were  jfiven  daily  intra|)eritoneally  for  four  con¬ 
secutive  days. 

Operative  procedures.  Male  rats  were  surgically  thyroidectomized  at  4.5  days  of  affe, 
the  operation  involviiifi;  the  removal  of  the  jjarathyroids  as  well  as  the  thyroid.  In  all 
surgical  procedures,  one  fourth  of  the  donor  rats  were  subjecteil  to  the  operation  on 
each  of  4  consecutive  days  in  onh'r  to  have  donors  available  after  the  same  i)ost-operative 
periods  for  the  4  day  assay  j)eriod.  Bioassays  w(>re  mad(‘  of  hormone  conttmt  of  the  bloofl 
21  and  56  days  after  thyroidc'ctomy,  when  the  rats  wer(>  66  and  101  days  of  age.  Eight(‘en 
to  24  hours  before  autopsy  the  donors  were  injt'cted  with  1  pe.  of  I'”.  ,\t  the  time  of 
autopsy  tissues  of  the  ventral  neck  region  wcni'  placed  in  counting  vials  and  the  radio¬ 
activity  of  the  region  counted  in  the  scintillation  counter  (9).  The  radioactivity  was 
compared  with  that  of  a  comparable  mass  of  muscle  from  the  leg  and  any  positive  differ¬ 
ence  was  assumed  to  represent  radioactivity  taken  u|)  by  thyroid  remnants.  .\ny  rats 
showing  radioactivity  in  the  neck  region  of  more  than  0.05%  of  the  normal  ujjtake, 
or  0.005%  of  the  injected  dos(‘,  were  considered  incom])let(‘ly  thyroidectomized  and  were 

.\11  thyroidectomized,  castrated  or  thyroidectomized-castrated  donor  rats  were 
maintained  on  a  modified  McCollum  Diet  I,  consisting  of  ground  whole  wheat  67.5%, 
casein  15%,  skim  milk  powder  7.5%,  sodium  chloride  iodized  0.75%,  calcium  carbonate 
1..5%,  melted  fat  6.75%,  fish  oil  (Yit.  .V  and  1)  concentrate)  1%.  KI  solution  added  to 
1  MS-  of  iodine  i)er  gram  of  diet  (450  mg.  KI  jx'r  liter,  300  cm.’  jjcr  270.5  lbs.  per  diet). 
.Vll  rats  received  a  supplement  of  lettuce  once  a  week. 

®  Hypoi)hysectomiz(*d  rats  used  in  assays  were  maintained  on  the  following  diet: 
ground  whole  wheat  68.5%,  casein  5%,  alfalfa  leaf  meal  10.0%,  fish  oil  5%,  sodium  chlor¬ 
ide  1.5%.  KI  solution  added  to  1  /ug.  of  iodide  p(>r  gram  of  diet  (4.50  mg.  KI  |)er  liter, 
300  cm.®  per  270.5  lbs.  of  diet).  In  addition  a  dish  of  wet  mash  of  the  previously  described 
McCollum  Diet  I  was  offered  every  aft('rnoon.  They  received  a  supplement  of  lettuce 
3  times  weekly.  They  were  maintaine<l  at  74®  ±  1°  F  temperature. 


COXTOPOrLOS,  SI.MI»S()X  AXl)  KOXKFF 


Volunu  H-1 


()44 

not  incUided  in  tin*  donor  uroup.  Male  rats  wt'iv  gonmkdomizid  at  45  days  of  age  and 
wore  sacrifict'd  21  and  5d  days  lati'r  when  (iO  and  101  days  of  age.  In  tin*  groups  subjected 
to  roiiibined  tligrouhcionuf  and  castration  the  male  rats  were  tliyroidt'etoinized  at  45  days 
of  age;  thii  ty-five  days  lat(‘r  they  w(“re  gonadeetomized  and  w(‘re  saeiifieed  21  days  later. 
'I'liis  jreriod  after  castration  was  found  to  he  sufficient  to  increase  the  |)roduction  and 
reh'ase  ot  gonadotrojihic  hormones  after  gonadectomy  of  normal  rats.  Xornial  rats  of  the 
same  age  were  maintained  as  controls  and  were  sacrifici'd  at  the  same  age. 

(’oHcction  of  blood.  (Irouj)s  of  donor  rats  were  aiu'sthetized  on  4  consecutive  days  and 
blood  was  withdrawn  from  the  aorta  into  heparinized  syringes  ami  immediately  trans¬ 
ferred  into  individual  centrifuge  tubes  under  cover  of  mineral  oil.  Tlie  hlooil  was  centri- 
fug(‘d  for  10  minutes  at  2500  rpm,  the  plasma  was  aspirated  into  syringi's  and  immeili- 
ately  injeetecl  into  tin*  hy|)ophysectomized  assay  rats;  the  time  consumed  between  with¬ 
drawal  and  injection  was  less  than  30  minutes. 

.\t  autojisy  of  the  donors,  testes,  seminal  vesich's.  ailrenals.  thyroids  ami  sjileens 
were  di.ssecti'd  and  weighed. 

'fhe  jiituitaric's  wme*  collected  from  all  the  donors  imnu'diately  after  the  blood  was 
withdrawn,  not  more  than  3-5  minutes  being  allowed  to  elapse.  The  anterior  pituitaries, 
c.xcept  those  savial  for  histological  analysis,  were  dis.sected  free  of  the  postmior  lobe, 
wi're  frozen  immediately  over  solid  carbon  dioxide  and  kept  frozim  until  the  tinu'  of 
bioa.ssay.  When  groui)s  of  pituitaries  were  needt'd  for  bioassay  they  were  weiglu'd,  and 
h(»mogenize(l  in  saline.  The  volume  injected  was  adjusted  so  that  a  total  do.se  of  I  (>4. 
1/32.  1  H).  J.  1.  \  oi’  1  anterior  irituitaries  was  administered  in  a  four  day  period. 

Sixt<‘en  hours  before  tin*  auto|)sy  tin*  hypoj)hysectonuzed  test  animals  were  injected 
intrapcuitoneally  with  0.5 //c.  of  P”.  The  thyroids  were  di.ssected  and  placed  in  counting 
vials  containing  Bonin’s  fluid  for  counting  in  the  scintillation  counter  (9).  'fhe  results 
are  pi'esented  as  per  cent  uptake  of  the  inj(“ct(“d  do.sc*.  The  thyroiils  wcux'  later  sectioned 
and  stained  with  hematoxylin  and  eosin  for  hi.stological  examination.  Ovaries  and  uterus 
were'  weighed,  and  ovarii's  wen*  fixed  in  Bonin’s  fluid,  sectioned  and  staine<l  with 
hematoxylin  ami  eosin  for  histological  examination.  Tibias  were  n'lnoved  and  staincil 
with  silver  nitrate,  and  the  width  of  the  uncalcified  j)ortion  of  the  iiroximal  e|)iphy.s(*al 
cartilage  of  the  tibia  was  im*asur<*d  (10). 

In  the  assays  of  |)lasma  known  amounts  were*  given  intraperitom*ally  daily  for  four 
<*ons(*cutive  days  and  the  recii)ients  were  .sacrificed  24  hours  after  the  last  injection, 
liighteen  hours  befon*  autopsy  all  animals  wen*  inject(*d  with  0.5 pc*,  of  I”'.  'I'he  thyroids. 
ovari(*s.  uteri  and  tibias  w(*n*  (*xamim*d  by  tin*  same*  im*thods  as  in  assays  of  pituitari(*s. 

The  comi)letem*ss  of  hypophysectomy  of  tin*  assay  animals  was  judged  by  examina¬ 
tion  of  the  sella  turcica  for  i)resenc(*  of  i)ituitary  fragments.  Tin*  atrophy  of  tin*  i)ituitary 
targ(*t  organs  furnished  confirmatory  data.  Data  from  rats  im*omph*tely  hyi)o])hyseeto- 
mized  wen*  discarded. 

In  an  attemid  t(»  inv(*stigat(*  histologically  tin*  functional  changes  in  the  ant(*rior 
pituitaries  aftt'r  thyroidectomy,  i)ituitaries  were*  analyz(*d  from  rats  in  each  of  the  four 
groups — normal  controls.  thyroid(*ctomiz(*d.  gon.*nh*(*tomiz(*d  ami  thyn)idectomiz(*d- 
gonadeetomizeil  rats.  Pituitari(*s  were  fix(*d  in  Z(*nker-formol  and  after  nitroc<*llulosr* 
embedding  w«*re  sectioned  at  four  micra  in  a  horizontal  plane.  H(*presentative  sections 
from  five  h*vels  of  the  gland  w(*n*  stained  with  a  modifi»*d  .Mallory-.Vzan  stain  (11)  and 
also  by  tin*  p(*riodic  acid  Schiff  stain  (P.VS). 

RESULTS 

Target  Orgaan  of  Donora 

Table  1  pre.sents  tlie  data  indicative  of  the  endoerine  status  of  the  donor 
rats.  As  anticipated,  atrophy  of  all  tlie  pituitary  target  organs  was  oh- 
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s(Mvc(l  after  tliyroideetomy.  The  adreiuils  weiglied  only  24  ins-  eoiu- 
pared  witli  .47  ing.  in  normal  rats  of  the  same  ap:e.  The  eomhined  operations 
of  thyroidectomy  and  castration  resulted  in  approximately  the  same  decree 
of  atrophy  of  the  adrenals,  whereas  castration  alone  did  not  alter  adrenal 
weight.  The  testes  in  the  thyroidectomized  rats  weighed  2(M)1  mg.  .’)()  days 
after  operations  whereas  in  controls  of  the  same  age  they  averaged  4()0() 
mg.  The  weight  of  the  seminal  vesicles  was  approximately  half  normal  at 
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the  end  of  the  experimental  period,  343  mg.  compared  with  the  normal 
value  of  870  mg.  The  seminal  vesicles  in  gonadectomized  rats  were  atrophic 
weighing  52  mg.  and  after  combined  thyroidectomy  and  castration  the 
degree  of  atrophy  of  the  seminal  vesicles  was  similar  to  that  after  castra¬ 
tion,  71  mg.  The  thyroids  of  castrated  rats  weighed  the  same  as  in  normal 
rats  (34.1  compared  with  38.1  mg.  in  normals)  and  had  the  same  up¬ 
take  (8.60  compared  with  10.18%).  As  indicated  in  the  described  proce¬ 
dures,  the  percent  of  iodine  uptake  in  thyroidectomized  controls  was  less 
than  0.05%  of  the  normal  uptake.  The  pituitary  weights  were  increased  by 
all  operative  procedures.  The  normal  increase  in  body  weight  was  not  af¬ 
fected  by  gonadectomy  (Fig.  1).  After  thyroidectomy,  or  thyroidectomy 
and  gonadectomy,  there  was  a  small  body  weight  increase  during  the  first 
28  days,  after  which  there  was  growth  stasis.  The  spleens  of  thyroidec¬ 
tomized  and  of  thyroidectomized  and  gonadectomized  rats  were  decreased, 
to  approximately  half  normal  weight. 

Plasma  Assays 

Table  2  shows  in  detail  the  evidence  for  trophic  hormones  (pituitary-like 
hormones)  in  the  plasma  of  the  different  types  of  donors.  The  injection  of 


TaBI.K  2.  PiTI  ITAKY-I.IKK  HOKMONKS  IN  THK  PI.AS'IA  OK  THYROIDKCTOMIZKD  (T), 
<;ON  ADKKTOMIZKI)  ((1),  TH  YROlOKCTOMIZKIK-CiOXAUKv  TOMIZKD  (T(i)  AND 
NORMAI,  (N)  MAKE  RATS 

Assayed  in  hy|)ophys(‘ctoniiz<‘d  rats,  4  day  test 


Donors  | 

Hypophysectomized  recipients 

(iron  pH 

Period 
after 
opera* 
tion,  da. ' 

Daily  ! 
plasma 
dose  l.P. 
cc./da. 

4  da. 

No.  of 
rats 

Tibial  ! 
cartilage 
width, 
niicra  | 

Ovaries* 

Thyroidt 

\Vt.,  mg.  ^ 

Develop¬ 

ment 

Uterus, 
nut.  j 

I*’*  Uptake  j 

Morphol- 

ojty 

_ 

21 

2.7 

4 

165  ±5t 

8±  1 

sK 

28±1  1 

1.30±  .11 

+ 

.56 

3.0 

6 

170  ±4 

8±1 

sF 

27+1 

3.25±.15  , 

4.0 

178  ±  4 

0  ±  5 

si' 

2'»  ±  2 

5. 00  ±.18  1 

4-(  +  +  ) 

1.0 

4 

170  ±6 

8  +  1  1 

sF  1 

28±1 

.41  ±.04  ' 

_ 

21 

3.0 

4 

2<X)±6 

12±2  1 

s,  ini' 

38±2 

.30+  .04 

_ 

6.0 

3 

210  ±  3 

28±2 

111- IF 

108  ±4 

.02  ±.20 

— 

G 

3.0 

5 

105  ±4 

17  ±1 

s-mF 

60  ±3 

1  .30±.10 

1  ^ 

4.3 

5 

210  ±  4 

24±1.5 

m-lF 

86±5 

!  ..30±.05 

1 

5.7 

7 

210  +  3 

24  ±2 

m-lF  i 

00±4 

1  .30  ±.06 

'  1 

1.8 

5 

170  +  5  , 

11±1.8 

s,  sm.  Ill 

35  ±2 

'  1 . 10  ± . 10 

1  + 

T 

56  ! 

4.3 

4 

170  ±3 

28  ±3.0 

1  m-lF 

104  ±6 

!  4.00±.40 

!  +(++) 

G 

1  21 

4.7 

5 

165  ±  3  ; 

23±1.5 

m-lF 

111±3 

1  3.40±.15 

i  +(++) 

1.0 

1 

6 

172  ±2 

8  +  0.5 

sF 

27±1 

.44 +.07 

3.2 

5 

204  ±3 

0±0.5 

^  sF 

20  ±1 

.55±.10 

1  — 

4.5 

6 

207  ±3 

0±1.0 

;  sF 

20+1 

'  .45 +.05 

7.0 

i 

5 

210  ±2 

8+1.0 

! 

30±1 

.64  ±.08 

Controls 

15 

1  150  ±  6 

!  8±1 

j  sF 

26  ±  1 

1  .50±  .06 

— 

♦  Small,  medium  and  large  follicles  are  indicated  by  s.  m,  I,  F  ;  corpora  lutea,  CL;  interstitial  cells,  deficient  or  re¬ 
paired.  IT  def.  or  repair. 

t  Thyroid  activity  is  designated  one  plus  (+)  when  definite  stimulation  is  present  judged  by  the  following  criteria 
the  epithelium  is  low  and  the  cytoplasm  scanty;  nuclei  are  slightly  rounded  and  chromatin  is  less  condensed  than  ii 
hypophysectomized  controls;  the  hematoxylin  stain  is  somewhat  paler,  and  the  colloid  stains  a  lighter  eosin  tint.  TIa 
next  grade  of  response  is  indicated  by  two  piv  '  the  epithelium  is  low  cuboidal;  nuclei  are  vesicular  and  ligh" 

staining;  vacuoles  are  beginning  to  appear  in  th  olloid. 
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plasma  from  normal  rats,  even  at  the  highest  doses,  7  ce.  daily,  elicited  no 
response  in  the  thyroid  gland  of  the  recipient  hypophysectomized  rats,  as 
judged  by  morphology  or  the  uptake.  There  was  no  increase  in  ovarian 
or  uterine  weight  and  no  evidence  of  ovarian  differentiation.  The  only 
positive  finding  was  a  significant  increase  in  the  width  of  the  tihial  epi¬ 
physeal  plate  after  administration  of  8.25  cc.  of  normal  rat  plasma  (12). 

The  plasma  from  thyroidectomized  rats  contained  increased  amounts  of 
thyrotrophic  activity,  and  decreased  amounts  of  growth  promoting  sub¬ 
stance.  The  plasma  drawn  21  days  after  operation  given  in  2.7  cc.  daily 
doses  for  four  days  resulted  in  an  uptake  of  thyroids  of  recipient  hypoph¬ 
ysectomized  rats  of  1.80%  of  the  injected  dose,  an  uptake  signifi¬ 
cantly  higher  than  that  of  non-injected  controls  (0.50%,).  Plasma  from 
donors  of  longer  post-operative  periods  caused  a  higher  uptake.  When 
the  thyroids  of  recipients  of  plasma  were  examined  histologically  they 
showed  evidence  of  stimulation  with  an  increase  in  the  height  of  the  cells 
and  partial  resorption  of  the  colloid.  Plasma  from  thyroidectomized  donors 
caused  no  significant  increase  in  the  tibial  epiphyseal  widths  of  the  re¬ 
cipients  (12).  (It  should  be  noted,  however,  that  at  all  levels  there  was  a 
<mall  increase  in  width  of  the  tibial  epiphysis  of  the  recipient  hypophysec¬ 
tomized  rats.)  The  plasma  of  thyroidectomized  rats  caused  no  stimulation 
of  the  ovaries  in  the  assay  animals,  judged  by  weight  or  morphology  and 
the  weights  of  the  uteri  remained  the  same  as  those  of  the  uninjccted  con¬ 
trols. 

The  principal  finding  in  assay  of  plasma  of  gonadectomized  rats  was 
an  increase  in  follicle  stimulating  activity.  The  plasma  when  tested  either 
at  21  or  56  days  after  operation  caused  an  increase  in  ovarian  and  uterine 
weight  when  given  in  daily  doses  of  8  to  6  cc.  Though  large  follicles  were 
present  at  these  doses  there  was  no  evidence  of  stimulation  of  interstitial 
tissue.  As  with  normal  plasma  the  doses  injected  produced  no  response  in 
the  thyroid  gland  as  judged  by  morphology  or  uptake.  The  tibial  car¬ 
tilage  also  responded  to  injection  of  plasma  of  gonadectomized  rats  to  a 
degree  similar  to  that  observed  from  injection  of  normal  plasma,  i.e.,  a 
significant  increase  occurred  when  doses  of  8  cc.  or  more  were  given  daily. 

Plasma  from  rats  subjected  to  thyroidectomy  and  gonadectomy  showed 
the  combined  trophic  effects  reported  from  injection  of  plasma  from  donors 
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(Iroup 

1  Ttiyroid  stimulating 
potency 

Follicle  stimulating 
potency 

Growth  promoting 
Ijotency 

T 

I  ncreased 

(none  detected) 

1  tecreased 

(J 

(none  detected) 

Increased 

Unchanged 

Tc; 

.  Increased 

Increased 

Decreasial 
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sul)jecte(l  to  the  separate  operations.  Tlie  gonadotrophic  potency  of 
plasma  was  the  same  as  after  castration  alone,  the  thyroid  stimulating 
potency  was  of  the  same  order  as  that  after  thyroidectomy,  and  the  growth 
promoting  potency  was  decreased  as  after  thyroidectomy.  The  changes 
in  trophic  hormone  content  in  plasma  are  summarized  in  Table  3. 

Assays  of  Pituilaricsfor  Hormone  ('ontent 

The  results  of  bioassays  of  anterior  pituitaries  of  donors  are  shown  in 
Table  4.  The  minimum  amount  of  tissue  from  normal  rat  pituitaries 
necessary  for  thyroid  stimulation  in  the  assay  rats  was  of  an  anterior 


'I'aki.k  4.  Tkoi’HIc  hohmonks  ix  axtkkiok  i'IITitakiks  of  thykoidkctomizkd  (T), 

(iONADKCTOMIZKI)  (Ci),  THYHOIDKCTOMIZKD-OONADKCTOMIZKD  (TtJ), 

AM)  \OkMA1.  MAI.K  rats  (X) 


Tlivroidst 

( Ivaries* 

I'teriis 

I]])!- 

tion  of 
aiite'i’ior 

1  y|)(‘ 
of 

physeal 

plate 

weight, 

pitni¬ 

tary 

rat 

JlSl  1 

Hist. 

\\  eifilit, 
mt£.  , 

Hist. 

mg. 

width, 

micra 

T 

4 .07  ±  .2 

+  (  +  +) 

20  ±1 

in-1  F;  IT  repair 

75  +  3 

10013 

1 

Cl 

7.27  +  .3 

+  + 

80+4 

IF;  CL 

12<  i  () 

24015 

TC 

5.18+  .2 

+  (  +  +) 

02+3 

IF 

133+  8 

200+2 

X 

7.77  ±  .2 

+  -I- 

34  ±2 

m-lF;  CL 

170  ±10 

202  1 7 

f 

2.00  ± . 15 

-1- 

11+1 

sF;  IT  <lef. 

31  ±  1 

18513 

1  2 

t: 

5.38 ± .18 

-1- 

00  ±  3 

IF:  CL 

12217 

252  1 7 

T(1 

2.05  + . 17 

+ 

18+2 

in-1  F 

73+4 

101  +3 

X 

5.33  ±  .3 

+  (  +  +.) 

40  ±3 

IK;  IT  repair 

100  ±0 

23015 

f 

1 .04  ± .00 

-(+) 

12  +  1 

sF;  IT  def. 

20  +  1 

150  ±5 

1  4 

c. 

2.28+  .07 

+ 

15  ±2 

s-inF;  IT  n-pair 

4012 

20014 

T(i 

1  .08+  .00 

-(  +  ) 

14+1 

s-niF;  IT  repair 

20  +  3 

1.54  +0 

X 

2 . 05  +  .  1 .5 

+ 

12±1 

sF;  IT  def. 

20  1 3 

228  1 3 

;  T 

0.83  + .04 

_ 

10  ±1 

sF;  IT  def. 

20  1 1 

L52  ±4 

!  H 

c 

1  .30  ±  .00 

+ 

10±1 

sF;  IT  <lef. 

20  1 1 

10515 

TC 

0.80+  .04 

— 

10  +  1 

sF;  IT  def. 

20  +  1 

140+  1 

X 

2. 30  ± .00 

4- 

11  ±1 

20  1 1 

22013 

f 

0.73  ± .04 

_ 

_ 

_ 

14815 

1/lti 

c 

1 .04  ± .08 

+ 

- 

- 

10213 

TC 

1.02+  .05 

— 

— 

— 

100+5 

X 

1.00  +  .00 

+ 

- 

- 

18215 

"f 

0.47  ± .05 

_ 

_ 

1  15  1 1 

1  32 

1 

0.54  + .07 

- 

- 

- 

180  ±4 

1  T(i 

0.47+  .03 

— 

— 

_ 

1 53  +  4 

X 

0.30 ± .04 

- 

- 

- 

H)1  ±(' 

i  — 

0.37+  .05 

— 

0  ±  1 

sF:  IT  def. 

2711 

1  1 55  1 5 

O' 

1  - 

0.37  ± .08 

- 

8±1 

sF;  IT  def. 

2711 

'  14013 

— 

0.53  +  .07 

— 

10  +  1 

,  sF:  IT  def. 

21  +1 

1 55  +  .5 

i 

0.30  ± .00 

10  +  1 

sF;  IT  def. 

23  1 1 

14013 

'  Controls  wore  n-pcatofl  with  assays  of  each  type  of  animal. 
S(“(‘  footnote's  to  table  2. 
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pituitary.  This  dose*  caused  a  simuifieani  increase  iu  uptake  of  I''”,  d'lu' 
thyroid  epithelium  was  low  cuhoidal  and  cytoplasm  was  scanty,  hut  tlu' 
nuclei  were  slightly  rounded  and  the  chromatin  was  mort*  dispersed  than  in 
thyroids  of  hypophysectomized  controls.  The  nuclei  stained  somewhat 
paler  with  the  hematoxylin  and  the  colloid  stained  less  intensely  with  eosin 
than  in  thyroids  of  controls.  These  findings  have  been  designated  in  the 
tables  by  a  single  plus  (  +  ).  The  pituitaries  of  castrate  rats  elicited  the 
same  amount  of  thyrotrophic  stimulation  as  normal  pituitaries  when 
judged  by  the  same  criteria.  The  thyrotrophic  content  of  the  pituitaries 
from  thyroidectomized  rats  was  decrea.sed.  A  total  dose  of  ]  anterior 
pituitary  gave  minimal  or  no  histological  stimulation  and  minimal  increase 
in  the  P'”  uptake.  The  same  decrease  in  thyrotrophic  potency  was  found  in 
the  pituitaries  of  thyroidectomized-gonadectomized  rats,  the  minimum 
effective  dose  necessary  for  thyroid  stimulation  judged  both  by  morpholog¬ 
ical  evidence  and  !*•“  ui)take  being  greater  than  \  and  less  than  o  donor 
|)ituitary  glands. 

The  content  of  follicle  stimulating  hormone  of  the  anterior  pituitaries 
was  judged  by  the  minimum  amount  of  tissue  necessary  to  initiate  the  fol¬ 
licle  growth  in  the  ovaries  of  hypophysectomized  immature  rats  (IX).  It 
was  found  that  a  total  dose  of  |  anterior  lobe  ( >5  <1  gland)  from  normal 
male  rats  was  necessary  to  initiate  follicular  growth.  After  thyroidectomy 
!.■)()  days  p.o.)  1  pituitary  (  >  7}  <  1  gland)  was  necessary  to  initiate  follicular 
growth.  When  gonadectomy  wa.s  superimposed  on  thyroidectomy  the  con¬ 
tent  of  the  pituitary  in  FSH  was  increased  to  the  level  found  in  the  gona- 
dectomized  male  rat,  a  total  dose  of  |  anterior  lobe  being  ade(iuate  to  initi¬ 
ate  follicular  growth. 

The  interstitial  cell  stimulating  potency  (ICSH)  of  the  pituitaries  was 
judged  by  the  dose  necessary  to  initiate  repair  of  the  interstitial  cells  of 
the  ovary  (14).  It  was  found  that  thyroidectomy  resulted  in  a  decrease  in 
the  ICSH  content  of  the  pituitary  (^  normal  rat  gland  was  recpiired  for 
stimulation,  1  gland  necessary  after  thyroidectomy).  The  content  of  ICSH 
in  the  pituitary  after  thyroidectomy-gonadectomy  attained  the  same  high 
level  observed  after  castration  alone;  repair  of  interstitial  cells  was  ob¬ 
served  at  the  level  of  j  gland.  The  weights  of  uteri  of  recipients  also  in¬ 
dicated  an  increase  in  gonadotrophic  content  in  thyroidectomized-gona- 
dectomized  comparable  to  that  in  gonadectomized  rats’  pituitaries. 

The  growth  promoting  potency  of  the  pituitaries  of  normal  rats  was 
efficient  to  increase  the  width  of  the  proximal  epiphyseal  cartilage  plate 
of  the  tibia  at  a  total  dose  of  to  |  anterior  pituitary.  This  minimal  effec¬ 
tive  dosage  was  not  changed  after  gonadectomy.  Thyroidectomy  alone, 
or  combined  with  gonadectomy,  resulted  in  a  decrease  in  the  amount  of 
growth  promoting  potency,  a  total  dose  of  about  1  gland  being  required  to 
nduce  significant  increa.se  in  width  of  the  cartilage  plate. 

Table  5  summarizes  the  minimal  effective  doses  of  the  trophic  hormones 
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Table  5.  Minimal  effeitive  dksses  of  troi’HU]_hohmones  in  the  anterior  imtfitaries 

OF  THYROIDECTOMIZED  (T),  (iONADECTOMIZED  (G),  THYROIDE(  TOMIZED-(iON AUEI’TOMIZEI) 
(TG)  AND  NORMAL  (N)  MALE  RATS 


(iroiip  1 

TSH 

j  FSII 

irsH 

1 

i 

GH 

T  1 

1  /4 

!  >1  2<1 

1 

1 

1  1  ('• 

14 

1/4 

>  1 

r,.  <  1 ,  s 

TG 

'  1  -1 

1  4 

1  4 

1 

N 

IK) 

1  >  1  /4  <  1  2 

1  2 

>  1 

H  i  <1 

ill  the  anterior  pituitaries  of  rats  sulijeeted  to  tlie  dilferent  experimental 
conditions.  A  fourfold  decrease  in  thyrotrophic  potency  was  noted  after 
thyroidectomy,  which  is  not  influenced  by  a  superimposed  gonadectomy. 
riie  doubling  of  the  gonadotrophic  potency  (both  of  FSH  and  of  ICSH) 
following  castration  was  not  impaired  by  the  thyroidectomy.  The  growth 
promoting  potency  of  pituitaries  after  thyroidectomy  was  I  to  I’g  normal 
and  was  not  influenced  by  simultaneous  removal  of  the  gonads. 

Histological  Changes  in  Pituitaries 

The  main  histological  alterations  found  in  the  pituitaries  of  thyroidec- 
tomized  and  gonadectomized  rats  were  similar  to  those  described  in  the 
literature.  In  brief,  after  gonadectomy  there  was  an  increase  in  number 
and  size  of  the  basophils,  and  the  PAS  reaction  was  intense.  Little  if  any 
change  occurred  in  the  acidophils  (Figs.  2,  4).  .\fter  thyroidectomy  both 
chromophils  were  altered.  The  acidophils  underwent  extreme  degranula¬ 
tion  and  became  unrecognizable.  The  basophils  increased  in  number, 
many  were  enlarged  and  the  cytoplasm  contained  multiple  hyalin  vacuoles. 
An  enlarged  Golgi  apparatus  was  not  an  uncommon  finding  in  the  vacuo¬ 
lated  basophils  (Fig.  3).  The  PAS  stain  was  not  intense.  The  basophils 
showing  these  changes  were  interpreted  as  thyrotrophs.  The  other  basophils, 
which  according  to  Purves  and  Griesbach  (15,  10)  on  the  basis  of  morphol¬ 
ogy  and  geographical  distribution  should  be  considered  gonadotrophs,  also 

Fig.  2.  Fii'ld  from  a  section  of  anterior  pituitary  of  a  normal  rat  to  show  general  dis- 
trihution  of  cells.  .V — acidophils  •  B — hasojihils;  C — chromoiihobes. 

I'lG.  3.  Field  from  a  section  of  anterior  pituitary  of  a  rat  7  weeks  following  thyroidi'c- 
tomy.  Note  comjilete  absence  of  acidophils.  Basophils  are  increased  in  numbi'r  and  size 
ind  contain  multiple  hyaline  vacuoles  prominent  nucleoli  and  large  Golgi  aiijiaratus. 

Fig.  4.  Field  from  a  section  of  anterior  pituitary  of  a  rat  3  weeks  following  gonadi'c- 
tomy.  Note  considerable  increase  in  numbiu-  of  basophils,  and  jnominent  negativi*  image 
of  the  Golgi  apjiaratus  (G).  Individual  acidophils  (.\)  aiijicar  unchanged  but  few  are 
(‘en  among  the  large  basophils. 

Fig.  5.  Field  from  a  section  of  anterior  pituitary  of  a  rat  thyroidectomized  7  weeks 
ireviously  and  gonadectomized  3  weeks  inior  to  autopsy.  Basophils  showing  the  typical 
effects  of  thyroidectomy  can  be  seen  in  the  upper  left  corner  of  the  photograph.  Numer¬ 
ous  basophils  (G)  identical  in  appearance  with  “gonadectomy  basophils”  are  present 
a  the  remainder  of  the  field.  No  acidophils  were  found  in  glands  of  this  group. 
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showed  deviation  from  normal.  They  appeanal  to  have  deereased  in  nnm- 
her;  the  (lolgi  apparatus  was  small  and  the  reaction  with  PAS  was  faint. 
Planimeter  measnrenHmts  of  camera  lucida  traciiifjs  confirmed  the  decrease 
in  .size.  These  gonadotrophs  in  thyroidectomized  rats  averaged  24S  planim¬ 
eter  units,  compared  with  units  in  normal  control  pituitaries,  with 
no  overlapping  values  from  groups  of  o  rats.  When  gonadectomy  was  super¬ 
imposed  on  thyroidectomy,  many  of  the  ha.sophils,  supposedly  gonado¬ 
trophs,  underwent  the  same  changes  as  in  the  castrated  rats.  Figure  o  of  tin* 
plate  clearly  shows  numerous  enlarged  basophils  identical  morphologically 
with  the  typical  early  ca.stration  cells  seen  in  Figure  4.  The  other  changes 
characteristic  of  thyroidectomy  had  not  been  altered;  no  acidophils  wen* 
identifiable  and  many  basophils  showed  multiple  hyaline  vacuolation. 


DISCUSSIOX 

The  origin  of  the  growth  hormone  is  u.sually  ascribed  to  the  acidophils 
and  their  degranulation  after  thyroidectomy  is  as.sociated  with  the  cessa¬ 
tion  of  growth.  The  lack  of  acidophils  paralleled  the  decreased  growth 
promoting  potency  of  the  pituitaries  and  plasma  of  thyroidectomized  and 
thyroidectomized-gonadectomized  rats.  Since  the  potency  of  plasma  was 
judged  by  the  tibia  test  the  absence  of  circulating  thyroxine  in  the  plasma 
might  in  j)art  be  responsible  for  the  decreased  potency  of  plasma  in  growth 
j)romoting  .substances,  since  thyroxin  has  a  synergistic  effect  on  the  pres¬ 
ence  of  growth  hormone  (17). 

Though  the  gonadotrophic  content  of  the  pituitary  of  thyroidectomized 
rats  was  impaired  as  shown  by  bioassay,  and  pituitary  gonadotrophic 
.secretion  was  impaired  as  shown  by  the  status  of  the  target  organs,  both 
content  and  secretion  were  reinstated,  even  increased  above  normal,  by 
.superimposed  gonadectomy.  These  observations  are  interpreted  as  showing 
that  the  anterior  pituitary  can  produce  and  release  gonadotrophins  in  the 
al)sence  of  thyroid  hormone. 

The  histological  evidence  of  decreased  activity  of  gonadotrophic  baso¬ 
phils  after  thyroidectomy  paralleled  the  subnormal  status  of  the  gonads 
and  the  acce.ssory  reproductive  organs.  Both  pituitary  gonadotrophic 
hormone  production  and  the  histological  evidence  of  activity  of  those 
basophils  interpreted  as  “gonadotrophs”  were  reinstated  when  gonadec¬ 
tomy  was  superimposed  on  thyroidectomy.  The  typical  thyroidectom\ 
changes  ob.served  in  many  of  the  basophils  (the  “thyrotrophs”)  were  not 
altered  by  superimposition  of  gonadectomy,  and  the  thyrotrophic  potency 
of  the  pituitary  and  the  plasma  was  not  different  from  that  of  thyroidec 
tomized  animals. 

.\fter  thyroidectomy  the  content  of  the  pituitary  in  thyrotrophic  hor 
mone  was  decreased  whereas  that  of  plasma  was  increased.  On  the  othei 
hand,  after  gonadectomy  the  content  of  gonadotrophins  in  both  the  pitui 
tary  and  plasma  was  increased.  If  one  can  assume  that  the  half  life  of  th< 
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tropliic  hormones  is  not  changed  after  tliyroidectomy  or  after  gonadec- 
tomy,  and  tliat  increased  production  and  release  of  thyrotrophin  and  gon- 
adotrophin  occur  after  l)otli  tliyroidectomy  and  gonadectomy,  then  the 
cells  of  origin  of  these  hormones  must  differ  in  respect  to  storage:  the 
increased  content  of  gonadotrophin  in  castrated  rat’s  pituitary  coupled 
with  increased  content  in  plasma  must  represent  storage  as  well  as  in¬ 
creased  secretion  by  “gonadotrophs,”  whereas  in  the  pituitary  of  the 
thyroidectomized  rat  the  decreased  pituitary  potency  coupled  with  in¬ 
creased  thyrotrophic  content  in  plasma  must  represent  increased  secretion 
without  storage  in  the  “thyrotrophs.” 

According  to  this  interpretation  the  basophils  which  undergo  extensive 
vacuolation  after  thyroidectomy  are  regarded  as  active,  not  degenerate 
cells.  The  nucleus  is  vesicular  and  the  (lolgi  apparatus  can  freipiently  be 
^een  to  be  enlarged.  (Iriesbach  and  Purves  from  histological  and  physio¬ 
logical  studies  have  considered  them  to  be  very  active  cells  (IS).  The 
pituitary  of  the  thyroidectomized  rat  has  also  been  shown  by  study  of 
parabiotic  rats  to  be  able  to  produce  .sufficient  thyrotrophic  hormone  to 
maintain  the  thyroid  of  the  hypophy.sectomized  partner  in  a  noiinal  state 
(H)). 
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EFFECTS  OF  GROWTH  HORMONE  ON  GLUC'O.  i: 
UTILIZATION  IN  FASTED  RATS' 

JEAN  CHRISTOPHER  AND  JEAN  MAYER 

Ih  fxtriuH  id  of  Xutrition,  Harvard  School  of  l‘ablir  Health,  BoMon,  M asuachasetta 

With  the  assistance  of  Aelita  Jurjevh  s 
AHSTHACr 

A  sin>?l<‘  injection  of  Ki'o'vth  liormono  to  fasted  rats  leads  to  a  liyponlyeeiiiie 
resiumse.  I'sinK  a  method  of  determination  of  rate  of  f!;lueose  utilization 
reeently  deveh)ped  it  ean  he  shown  tliat  this  hyponlyeemie  n'sponse  is  due  to 
an  inerc'ase  in  glueose  utilization.  Pretreatment  of  the  animals  with  growth  hor- 
moiK'  deereases  the  resjxinst'  to  a  suhserjuent  injection  both  as  regards  hy|)o- 
glyeemie  reaction  and  iis  regards  increase  in  glucose  utilization. 

A  NUMBER  of  authors  (1,  2,  4)  have  observed  hypoglycemia  in 

fasted  rats  following  administration  of  a  single  do.se  of  growth  hor¬ 
mone.  Simultaneous  growth  hormone  injection  has  also  been  shown  to  de¬ 
crease  the  rise  in  blood  .sugar  due  to  glucose  injection  (o).  The.se  findings 
are  in  apparent  contradiction  with  the  well  known  observation  that  chronic 
growth  hormone  administration  can  induce  permanent  diabetes  in  adult 
cats  and  dogs.  Interpretation  of  the  mechanism  of  this  hypoglycemic  effect 
is  not  available  from  in  vitro  experiments:  in  these,  growth  hormone  had 
either  been  injected  prior  to  sacrifice  of  the  animals  or  was  added  in  vitro: 
enhancement  of  gluco.se  uptake,  inhibition  of  gluco.se  uptake  and  absence 
of  modification  of  glucose  uptake  have  been  variously  described  as  con- 
.seipiences  of  growth  hormone  administration  or  addition  ((>,  7).  A  priori, 
there  are  two  alternative  explanations  for  this  hypoglycemia:  increa.se  iu 
glucose  utilization  by  the  tissues  or  decrease  in  gluco.se  output  by  the  liver. 
It  was  the  purpose  of  this  study  to  test  the  first  hypothesis  in  vivo.  Avail¬ 
ability  of  a  method  which  expresses  glucose  utilization  as  a  single  number 
permits  .statistical  processing  of  the  data  to  be  done  more  easily  and  more 
rigorously  than  can  be  done  with  the  re.sults  of  classical  glucose  tolerance 
curves.  In  this  study,  measurements  of  rate  of  glucose  utilization  were 
conducted  after  periods  of  various  duration  following  the  injection  of 
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growth  hormone.  The  effect  of  pretreatment  of  tlie  rats  hv  growth  hormone 
on  the  response  to  a  suh.secjuent  injection  was  also  examined. 

I‘ri>i(  iple  of  the  Method 

Th«‘  rate  of  disposition  of  glucose  was  detennined  by  adininistci  ing  |•api<lly  a  relatively 
small  intiav(>nous  glucose*  load  (S,  9,  10).  Cllucose  levels  dt'crease  expoiu'utially  with 
time.  When  this  function  is  plotted  on  a  semilogarithmic  scale,  it  is  transfornu'd  into 
a  straight  lim*.  If  (i  is  the  level  of  blood  glucose  at  time  f.  then  the  function  (i  =  (ioe~^' 
becomes  In  G  =  ln  G^—  Kt  and  the  velocity  constant  K  can  be*  determined  from  the  leve-ls 
b’l  and  Gi  at  times  b  and  /j. 


2.3(log  Gi  —  log  G>) 


Actually,  K  can  be  determined  with  much  greater  precision  if  the  least  stpiarc*  method 
is  used  on  a  large  number  of  j)oints  (in  practice,  of  the  order  of  10),  or  if  these  j)oints 
are  used  to  determine  the  slojM*  of  the  best  fitting  straight  line  graphically.  'I'o  conform 
with  the  acce])t(“d  expressions  of  concentration,  K  can  be*  expressed  as  p(>rcentag(‘  of 
l)lood  glucose  decrease  p(*r  minute.  This  rate  has  been  considered  an  index  of  the  amount 
of  “effective”  insulin  bound  by  the  tissues.  The  value  of  K  rises  when  insulin  is  ail- 
ministered,  and  is  decreased  in  diabetes.  It  is  essential  to  note  that  providc'd  the  dos,* 
of  glueosi*  is  relatively  small,  the  glucose  is  given  intravc'uously  and  the  administra¬ 
tion  is  r(*latively  rapid,  the  value  of  K  is  reinoduciblc,  does  not  vary  with  the  dose  given, 
and  does  not  vary  when  the  test  is  repeated.  By  contrast,  if  glucose  is  given  by  mouth 
or  in  large,  slowly  administ»*red  intravenous  doses,  the  subj(>ct  presents  the  Straub- 
I'raugott  effect,  a  progressive  decrease  in  the  hyperglycemia  following  rcpeatcfl  ad¬ 
ministration  of  equal  doses.  Such  an  effect,  if  analyzed  by  the  method  used  here  would 
l)e  translated  into  increases  in  the  successive  values  of  K(S). 


MATERIAL  AND  PRODECURE 

Wi.star  female  plateaued  rats  (230-340  gm.)  fed  Purina  chow  were  divided  into  tiv** 
groui)s  containing  9  to  1 1  animals.  The  rats  were  fasted  for  21  hours  prior  to  I'ach  glucose* 
tolerance*  test.  The*  taking  eef  tail  bleeeeel  sample*s  wiis  e*e)nelncte*el  nnele*r  light  ne*nd)utal 
ane*sthe*sia.  Iinme*eliate*ly  afte*r  the*  first  tail  sam])le*  hael  be*e*n  e)btaine*el,  a  eleese*  e)f  0.5  gm. 
glucose*  Kg.  beeely  we*ight  in  50%  seelutieeir'’  was  inje*cte*el  inte)  the*  saphe*ne>ns  ve*in.  Xine* 
other  0.1  ml.  sample*s  were  taken  within  the  next  .30  minute*s  anel  bleeeeel  gluceese*  was  eh*- 
te*rmineel  by  the  So!ne)gyi-Xe*lson  pre)ce*elure  (11,  12).  In  (Iroiq)  1  the*se*  tests  we*re*  pe*r- 
fe)rme*el  immeeliately  be*fore*  anel  directly  after  the*  intraveneeus  injectieen  eef  greewth  heer- 
meene*.  In  the  remaining  four  groups  the  preinjeetieen  gluce)se*  te)le*rane*e*  te*st  was  perfe)rme*el 
a  few  elays  be*fe)re*  anel  re*pe*ate*el  em  (Iroup  II  2  he)urs,  gremjes  III  5  hemrs,  anel  (Ireni])  IV 
22  heenrs  after  a  sid)cutane*ous  inje*e*tie)n  e)f  the  herrmeene*.  .\ne)the*r  (irenip  (V)  re*e*e*ive*el  a 
>ube*ntane*e)us  inje*e*tie)n  eef  greewth  hennieme*  feer  3  elays,  the*n  was  te*ste*el  uneh*r  the*  same* 
'•enielitieeiis  as  (Ire)up  III  (5  heeiirs  after  the*  last  aelministratieen).  'I'he*  beevine*  greewth  heer- 
mone*  usee!  (XIH-BtiH-l)  was  the  highly  purifie*el  material  elistribute*el  by  the*  Kneh)- 
crinology  Study  Section,  Xational  Institutes  of  Health.^  The  poweler  was  elilute*el  in  iso¬ 
tonic  sodium  chloride  and  kept  at  —20°  C  for  up  to  6  days.  The  amount  inje*cte*el  was 
l.o  mg.  per  animal  in  all  cases. 


’  Se)lution  of  d-glucose  (wt.  Ae)I.).  Parke,  Davis  ek  C’e)mi)any,  l)e*tre)it,  Michigan. 
*  I'lie  authors  gratefully  ae*kne)wle*elge*  the  gift  eef  this  mate*rial. 
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Taki.k  1.  Roi.k  ok  thk  timk  factor  on  thk  efkkcts  of  <;ko\vth  hormone 
(1.5  m<;./animai,)  on  ri.ood  sr<;AR  (1  and  OECi'osE  ctii-I/ation  K  of  adci.t 

FEMAI.E  RATS  FASTED  TO  22  HOCRS 


( Iroup 

» 

.Mod)'  of  ad- 
iiiini.stration 

t 

f.'i 

f/: 

Gr  -Cl 

1* 

Ai 

A's 

A's-ATi 

/> 

I 

<• 

IV 

0:10 

59  ±  7 

2.1  +0.5 

2.2 +  0.9 

0. 1  +  1.1 

II 

9 

SC 

2:(K) 

57+  9 

45±  17 

12+17 

2. 1  +0.5 

2.7±0.7 

0.6  +  0. 8 

<0.05 

III 

10 

SC 

5:00 

66+10 

45±  10 

20  ±  20 

<0.02 

2. 0  +  0. 4 

.•1.7±1.0 

1.711.3 

<0.01 

IV 

11 

SC 

22:(K) 

65  ±  10 

.50±  14 

15+14 

<0.01 

2. 0  +  0. 4 

2.5±1.2 

0.5+1 .4 

V* 

11 

SC 

5:(N) 

57+  9 

51  ±  8 

6±  10 

2.2±0.6 

2. 9  +  0. 6 

0.710.9 

<0.05 

t  intorva)  the  injertion  of  (til  and  the  second  glneosi*  tolerance  test. 

(i[  and  0*:  fasting  blood  sugars  iinnnKliately  h<>fore  the  first  and  se<*ond  tolerance  t(‘sts. 

A't  and  A'?:  rate  of  glucost*  utilization  before  and  after  (111.  expr<*ssed  as  a  p<*rc(*ntage  bK)  ml.  HUnkI  minute  fsj^e 
text). 

♦  The  rats  in  this  group  have  injected  with  (ill  5  hours  previously,  as  ingroup  HI.  but  this  injection  is  in  this 
case  the  last  of  a  wries  administered  on  each  of  3  consecutive  days  (mm*  text). 

RESULTS 

The  type  of  data  obtained  in  a  representative  animal  is  shown  in 
Figure  1.  (Jeneral  results  are  reported  in  Table  1.  In  aKieement  with  results 
of  other  workers  the  fasting  blood  glueose  ((1)  dropped  2  hours  after 
growth  hormone  administration  ((Iroup  II)  and  remained  at  similarly  low 
levels  after  .')  and  22  hours  ((Jroups  III  and  IV).  On  the  other  hand,  tlu' 
liroup  pretreated  with  }>:rowth  hormone  (V)  showed  less  deerease  in  blood 


G,  and  K,  =  fasting  blood  sugar  and  rate  of  glucose 
disappearance  in  an  adult  female  rat  (control 
value) 


Gj  and  Ko  =  fasting  blood  sugar  and  rate  of  glucose 
disappearance  in  the  same  animal,  one -week 
later,  and  5  hours  after  the  S-C  injection  of 
1.5  mg  of  growth  hormone 

Fui.  1.  Kffcct  of  a  single  iiijeetion  of  growth  horinone  on  the  rate  of  ghieos(‘ 
utilization  in  a  fasti'.l  adult  female  rat. 
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jrlucosc  un<l(‘r  tli(‘  saiiu*  coiiditions.  The  into  of  ^;hi(‘oso  utilization,  /\,  was 
uiiino<lifi(‘(l  in  the  ^ironp  of  rats  r(‘t('st<'(l  iinmodiatoly  aft(*r  llio  hormonal 
InailiiKMit  ((Jronp  I).  'rii(‘r(‘  was  a  sifiiiificant  rise  in  ral<'  of  ^;ln(*os<'  utiliza¬ 
tion  in  tho  f>;i-onp  tested  2  hours  after  }>;rowth  hormone  administration 
(dronp  II).  The  rise  persisted  in  the  sronp  tested  5  hours  after  growth 
hormone  injeetion  (III);  rates  had  deelined  to  near  normal  values  22 
hours  after  administration  (IV).  Pretreatment  with  gre)wth  hormone 
(dronp  V)  deerease<l  hut  did  not  eliminate  the  signifieanee  of  the  rise  in 
utilization  K. 


DISCUSSION' 

The  dose  of  growth  hormone  of  approximately  o  mg. /kg.  used  in  this 
'tudy  appears  high  when  one  considers  that  the  daily  secretion  of  dll  hy 
voung  rats  is  estimated  as  200  gg.  (PI).  However,  a  daily  dose  of  1  mg. 
per  plateaued  female  adult  rat  is  one  of  the  lowest  being  etVeetively  meas¬ 
ured  by  the  bioassay  based  on  the  resulting  weight  increase  (14).  The 
results  obtained  with  the  .")  mg. /kg.  dose  must  therefore  have  some  phys¬ 
iological  significance. 

The  occurrence  of  a  hypoglycemic  response  after  a  single  dose  of  dll 
in  fasted  adult  rats  has  been  confirmed.  This  hypoglycemic  response  ap¬ 
peared  in  turn  to  be  due  to  an  increase  in  the  rate  of  glucose  utilization. 
These  results  can  be  compared  to  those  obtained  by  Ross  (lo)  in  rabbits 
and  Altszuler  (Iti)  in  hypophysectomized  dogs.  Ross  showed  an  increase 
in  rate  of  transfer  of  gluco.se  in  the  aqueous  humor  of  the  anterior  chamber 
of  the  eye  of  two  animals  after  2  subcutaneous  injections  of  anterior 
pituitary  extracts.  Altszuler  showed  an  increase  in  C‘^-labeled  glucose  up¬ 
take  in  dogs  continuously  perfused  following  a  4-  or  o-day  course  of  daily 
intramuscular  growth  hormone  injection.  The  intimate  mechanism  of  acute 
growth  hormone  effect  on  carbohydrate  metabolism  remains  a  matter  of 
controversy.  .Vccording  to  various  authors,  the  hypoglycemia  produced  by 
growth  hormone  administration  in  rats  .seems  dependent  upon  the  presence 
of  a  normal  pancreas  (3)  but  is  not  nece.ssarily  mediated  through  an  in- 
crea.se  in  insulin  .secretion  (17,  IS).  In  the  present  experiment,  the  effects  of 
a  single  injection  of  growth  hormone,  although  in  the  same  direction  as 
those  that  would  be  expected  after  an  injection  of  a  small  dose  of  crystalline 
insulin  i.e.  a  lowering  of  the  blood  sugar  and  an  increase  in  the  rate  of 
glucose  utilization  K  (S)  reipiired  2  hours  to  become  manifest  while 
insulin  acts  immediately.  In  contrast  also  with  in.sulin,  the  repetition  of 
injections  of  bovine  growth  hormone  decreased  the  magnitude  of  the  re- 
ponse. 

primary  stimulating  effect  of  growth  hormone  on  the  hepatic  outflow 
)f  glucose,  with  a  re.sulting  stimulus  for  increased  insulin  secretion  (7,  lb) 
eems  unlikely  since  the  ob.served  hypoglycemia  indicates  an  inadeipiate 
lepatic  homeostasis.  Whatever  the  exact  mechanism,  it  appears  that  if 
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there  is  an  iiihil)itory  effect  of  (111  on  the  earboliydrate  metaholisiu  in 
many  in  vitro  experiments,  this  is  definitely  masked  by  an  opposite  process 
in  intact  rats.  Thus,  the  increase  in  the  glycogen  content  of  muscle  in  vivo 
reported  by  various  authors  (4,  19)  under  conditions  similar  to  those  in  this 
experiment  could  be  related  to  an  enhanced  glucose  uptake,  and  not  to  a 
decreased  carbohydrate  utilization. 

Finally,  it  is  interesting  to  speculate  on  the  possibility  that  the  increase 
in  rate  of  glucose  utilization  (K)  previously  reported  in  pregnant,  fasted 
rats  (20)  may  be  related  in  part  to  the  increase  in  blood  growth  hormone 
activity  (21)  observed  in  such  animals. 
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ABSTRACT 

Aspc'cts  of  ascorbic  acid  and  1 7-hydroxycorticosteroid  metaliolism  have 
l)C(>n  studied  durius  ascorbic  acid  deficiency  in  young,  growing  guinea  i)igs. 
Morphologic  evidences  of  ascorbic  acid  deficienc}’  were  seen  in  the  epiphyses 
before  tlie  onset  of  weight  loss  and  before  marked  reduction  occurred  in  ascorbic 
acid  content  of  adrenal  and  liver.  At  this  time,  however,  there  was  only  a  slight 
elevation  in  17-()HCS  of  plasma  and  bile,  and  the  elevation  of  plasma  17- 
OHCS  following  the  administration  of  ('“  labeled  bacterial  polysaccharide  and 
of  ACTII  was  of  normal  character.  No  evidence  of  alteration  of  cortisol-4-C*‘' 
metabolism  was  found  in  guinea  pigs  with  early  ascorbic  acid  deficiency. 

IN  THE  guinea  pig  with  advanced  scurvy  the  adrenals  enlaige  (1,  2), 
the  urinary  excretion  of  17-ketosteroids  (8,  4)  and  formaldeliydogenic 
suhstances  (5)  is  increased  and  the  plasma  17-hydroxycorticosteroids 
(17-OHCS)  are  elevated  (G).  The  increase  in  urinary  excretion  of  17- 
hydroxycorticosteroids  and  formaldeliydogenic  steroids  occurs  late  in  the 
course  of  ascorbic  acid  deficiency  at  the  time  when  the  guinea  pigs  are  los¬ 
ing  weight.  The  plasma  17-OHCS  have  only  been  studied  in  late,  acute 
scurvy,  during  the  terminal  period  of  rapid  weight  loss  (6).  Extremely  high 
plasma  levels  of  17-OHCS  have  also  been  found  in  moribund  patients  (7). 
.V.scorbic  acid  deficiency  in  its  late  stages,  therefore,  may  simply  act  as  a 
non-specific  “.stress”  (8). 

The  present  study  concerns  the  effects  of  the  early  stages  of  ascorbic 
acid  deficiency,  prior  to  the  onset  of  weight  loss,  upon  a)  the  ascorbic  acid 
content  of  the  adrenal  and  liver,  b)  17-OHCS  levels  of  plasma  and  bile,  c) 
the  plasma  levels  of  17-OHCS  following  the  administration  of  ACTII  and 
of  C^Mabeled  K.  pneumoniae  polysaccharide,  d)  the  plasma  clearance  and 
ti.s.sue  distribution  of  the  labeled  bacterial  polysaccharide. 

MATERIAL  AND  METHODS 

Guinea  pigs  of  either  se.x  maintained  on  a  diet  of  Purina  rabbit  eliow  witli  daily 
-upplements  of  eal)bage  were  used  as  control  animals.  .Vnimals,  weighing  1  "lO  250  gm. 
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at  tiu'  initiation  of  tlic  (‘xiH'iinu'iit  were  fed  the  ascorl)ic  acid  deficient  diet  of  Rinehart 
and  Mettier  (9).  The  weights  of  tlie  animals  weri'  recorded  every  two  or  tliiau'  days. 
Histologic  sections  of  the  costochondral  and  feniorotihial  (knee)  joints  of  all  animals 
were  prepared  foi'  the  morphologic  evaluation  of  Vitamin  C  deficiency. 

.\fti‘r  .‘h  7.  or  12  days  on  the  (h'ficient  diet,  the  guinea  pigs  were  given  a  single  intra¬ 
venous  injection  of  C''^-lal)eh‘d  K.  pneinnonute  polysaccharide'  comi)le.\  (I  mg. /UK)  gm. 
body  weight),  'riu'  (''^-laheh'd  hacti'iial  i)olysaccharide.  prei)ar('d  hy  an  alkaline-i'.xtrac- 
tion  ])roccdur*'  was  non-h'thal.  non-antigenic,  hut  haptcnic  (10).  .\nimals  were  killed 
hy  the  cervical  clamp  technitpic  (1 1)  at  tlu'  second,  sixth,  fourteenth,  and  twenty-fourth 
hours  after  the  injection  of  the  ])olysaccharide.  Plasma  and  tissue'  ce)nce'ntratie)ns  e)f 
were  eh'te'rmiiu'el  as  eh'scrihe'el  i)re'vie)usly  (10).  Hleeeeel,  eihtaine'el  hy  careliac  ])uncture'  in 
a  syringe'  me)iste'ne'el  with  ceunmercial  he'])arin  seelutieen.  was  imme'eliate'ly  ce'utrifuge'el 
anel  jdasina  re'me)V('el.  Five'  17-()HCS  were  ele'termineel  as  eh'scrihe'el  hy  Kik-Xe'S  (12). 
Ascorhic  aciel  ceinte'iit  eif  the  aelrenal  anel  live'r  was  eh'te'iinine'el  hy  the'  te'chniepu'  eif  Heie' 
anel  Kuethe'r  (18). 

.\fte'r  7  elays  em  the'  ase'euliie'  ae'iel  eh'fie'ie'iit  elie't.  giiine'a  jiigs  we'ie'  give'll  .\C  I'H  intra- 
ve'iiemsly  (0.5  i.u.  100  gm.)  anel  the'  jilasma  17-()HC'S  eh'te'iniine'el  at  the'  se'e'emel.  femrth. 
sixth,  ninth  anel  twelfth  heuirs  afte'r  aelministratiem  eif  the'  treijiic  Imrmeme. 

(luine'a  pigs  maintaine'el  em  the'  ase'euhic  aciel  eh'ficie'iit  elie't  feir  7  elays  we're'  give'ii 
e'eirtiseil-d-C'^  intra ve'imusly  (.0110  Mft-  "r  0.045  /xc./lOO  gm.  heiely  we'ight  in  0.1  ml. 
0.,S5%  seielium  chhiriele).  (Jroups  eif  lour  animals  we'ie  kilh'el  at  I,  1.  2.  4.  0,  anel  9  hemrs 
afte'r  the'  inje'ctiem.  Plasma,  eihtaine'd  imme'eliate'ly  hy  e'e'iitrifugatiem  eif  he|iarinize'el 
hlooel,  was  e'xtrae'teel  with  me'thyle'iu'  elie'hleirieh'.  'I'lie  aepu'enis  phase'  was  the'ii  extracte'el 
with  hutaneil.  Carhein'^  freim  ceirtiseil-4-C'^  was  ele'termineel  hy  a  wineleiwless  ceiunte'r. 
The  nu'thyle'ne'  chleirieh'  e'xtrae'tahh'  frae'tiein  is  eh'signate'el  "fre'e'”  ste'ieiiels  anel  the' 
hutaneil  extractahh'  frae'tiein  is  eh'signate'el  “e'emjugate'el”  ste'ieiiels.  Xei  C'^  re'inaine'el  in 
the'  Jilasma  afte'r  the'  hutaneil  e'xtractiein. 

RESULTS 

Scorbutic  Ijcsious 

The  guinea  pig.'^  on  tiie  ascorhic  acid  deficient  diet  progressively  gained 
weight  until  about  the  twelfth  day  of  the  diet  (Fig.  1).  The  few  animals 
which  lost  weight  during  this  regime  were  excluded  from  the  experiment. 
Hy  the  seventh  day  of  the  scorbutic  diet  occasional  hemorrhages  were 
found  about  the  costochondral  junctures  and  over  the  femorotibial  joints. 
Histologic  examination  showed  mild  “(Jeriistmark”  beneath  the  costo¬ 
chondral  and  tibial  epiphy.ses.  The  osteoblasts  were  increased  and  osteoid 
ti.ssue  was  not  pre.sent  at  the  borders  of  some  spicules  of  cartilaginous 
matrix.  Between  the  .subepiphyseal  spicules,  marrow  cells  were  absent  and 

Fig.  2.  Changes  in  jilasma  levels  uf  17-()HCS  and  adrenal  and  livc'r  ascmhic  acid 
in  normal  guinea  jiigs  following  the  feeding  of  a  Vitamin  ('  deficient  diet. 

Upper  part 

• —  -  •  Jilasma  h'vi'ls  of  17-()HCS  (7/ 1 00  ml.) 

y - y  hile  levels  of  17-OHCS  (7/100  ml.) 

1.0 wer  part 

O  ascorbic  acid  concentrations  in  the  liver  (mg.%X10) 

A  ascorhic  acifl  concentrations  in  the  adrenal  cortex  (mg.^) 
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some  metaeliromatie  material  was  seen.  By  tlie  twelfth  day  of  the  deficient 
diet,  these  changes  were  more  pronounced  and  eosinophilic,  proteinaceous 
material  was  present  about  some  fractured  cartilaginous  spicules. 

17-OHCS  and  Ascorbic  Acid 

A  few  days  after  the  initiation  of  the  Vitamin  C  deficient  diet,  the  plasma 
17-()HCS  were  slightly  elevated  (Fig.  2).  When  the  plasma  17-OHCS  in¬ 
creased,  these  steroids  also  appeared  in  the  bile  (Fig.  2).  The  ascorbic  acid 
concentration  in  the  adrenal  and  liver  diminished  rapidly  during  the  first 
7  days  of  the  deficient  diet  and  more  slowly  thereafter,  reaching  very  low 
levels  by  the  twelfth  day.  .\nimals  with  diarrhea  and  weight  loss  after  14 
to  It)  days  on  the  deficient  diet  had  plasma  17-()HCS  values  over  ;i0() 
Mg.  100  ml.  Such  animals  were  excluded  from  this  study. 

Kjj'cct  of  Administration  of  Bacterial  Polysaccharide  and  of  ACTH 

Administration  of  the  bacterial  polysaccharide  to  animals  which  had 


Fig.  3.  I’hisina  lovcls  of  17-()HC'S  and  adivnai  and  ascorl)ic  acid  concentrations 
in  normal  and  scorbutic  guinea  i)iKs  followiiiK  the  intravenous  administration  of 
K.  pneumoniae  polysaccharide  (I  mg.  100  gm.  of  body  \v(Mght). 
the  normal  animal 

B:  animals  on  a  vitamin  ('  deficient  diet  for  3  days 
(':  animals  on  a  vitamin  C  deficient  diet  for  7  days 
I): animals  on  a  vitamin  ('  deficient  diet  for  12  days 

'I'he  av(*rag(‘  curves  of  jjlasma  17-()HCS  and  ascorbic  acid  concentration  in  the  liver 
and  in  tin*  adrenal  are  plotted  in  <*ach  instance.  .Vrrow  indicates  when  the  polysaccharith* 
was  given. 


Sovcmbcr.  tOoS  ASCOHliK'  ACID  AND  ADHKNAL  Fl'XCTlON 


(W);i 


1’k:.  4.  Plasma  levels  of  17-()II('S  fol- 
lowiiif;  the  intraveiioiis  administiation  of 
0.5  i.u.  of  AC  ril  per  100  fiin.  of  body 
wad^ht  to  normal  piuimai  pi^s  and  ^niiu'a 
l)i>!;s  who  had  been  on  a  N’itamin  ('  de- 
fiehmt  diet  for  7  days. 

O - O  averajj;!'  eiirve  from 

normal  animals 

• - #  avera'iie  curve  from  the 

ascorbic  acid  deficicmt  animals 


l)een  on  the  deficient  diet  for  3  and  7  days  evoked  a  plasma  17-()HCS  re- 
iespon.se  of  .somewliat  increa.sed  degree  and  duration  (Fig.  3).  Wlien  the 
animals  were  kept  on  the  diet  for  12  days,  the  administration  of  bacterial 
polysaccharide  gave  a  plasma  17-()HCS  response  of  somewhat  greater 
magnitude  hut  of  similar  duration.  Regardless  of  the  initial  level  of  adrenal 
ascorbic  acid,  the  injection  of  polysaccharide  led  to  an  additional  decrease 
in  its  concentration  with  a  return  toward  the  starting  value  within  24 
hours.  A  significant  fluctuation  in  the  ascorbic  acid  content  of  the  liver  did 
not  appear  following  the  injection  of  the  bacterial  poly.saccharide.  The 
plasma  17-()HCS  respon.se  to  ACTH  in  guinea  pigs  on  the  deficient  diet  for 
7  days  was  similar  to  that  in  control  animals  (Fig.  4). 

Plasma  ('learauce  of  ('or(isol-4-(''^ 

When  this  compound  was  injected  intravenously,  it  rapidly  disappeared 
from  the  blood  stream  (Fig.  o).  After  30  minutes  oidy  2.4  to  o.2%  re¬ 
mained  in  the  plasma.  Both  the  guinea  pigs  on  the  deficient  diet  for  7  days 
and  the  control  animals  showed  a  similar  exponential  lo.ss  of  free  carbon*^ 
from  cortisol-4-C*^  over  the  period  of  observation. 

Within  .30  minutes  after  the  injection  of  labeled  corti.sol,  labeled  con¬ 
jugates  appeared  in  the  plasma  and  were  maintained  at  approximately  the 
same  concentration  over  the  9-hour  period  of  observation  (Fig.  0).  The 
only  difference  in  the  control  and  ascorbic  acid  deficient  animals  was  found 
during  the  first  30  minute  period.  At  this  time  the  deficient  animals  had 
ess  conjugated  C“  than  did  the  controls. 


Fig.  .j.  Mctliylrno  cliloridc  (‘xtractaldo  from  tin*  blood  jdasma  of  normal  animals 
and  animals  on  a  Vitamin  (’  deficient  diet  for  7  days  following  the  intravenous  admin¬ 
istration  of  eortisol-4-C'^.  Tlu“  eoneentrations  are  plotted  semilogarithmieally 
against  time  after  steroid  administration. 

O - O  average  curve  from  normal  animals 

♦— - •  average  curve  from  seorlnitie  animals 
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Fig.  ().  Butanol  extractable  in  plasma  from  normal  animals  ami  from  animals  fed 
a  vitamin  C  deficient  diet  for  7  days  following  the  intravenous  injection  of  eortisol- 
4-C'^.  The  eone«>ntrations  are  plotted  semilogarithmically  against  time  after  steroid 
administration. 

O - O  average  curve  from  normal  animals 

• - •  average  curve*  from  scorbutic  aiumals 
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Fig.  7.  Distrilmtion  of  C'^  from  C'^  coiitaininfj  K.  pnemnonim  polysaccharidr  in  the 
adrenal  the  sjileen.  tlie  liver,  and  in  the  hlood  plasma  of  normal  animals  and  ani¬ 

mals  who  had  been  on  a  Vitamin  (’  defieient  diet  for  different  ix'riods  of  time. 

J^ldsma  ('learancc  and  Tissue  Dislribudon  of  Labeled  Polysaeeharide 

The  clearance  of  C“  lalieled  polysaccharide  from  hlood  plasma  was  not 
modified  by  the  duration  of  the  ascorbic  acid  deficient  diet  (Fig.  7).  The 
rapid  uptake  of  by  the  liver  and  spleen  was  similar  to  that  ob.served  in 
control  animals.  The  slower  uptake  of  C"  by  the  adrenals  of  normal  ani¬ 
mals  was  not  modified  by  ascorbic  acid  deficiency.  The  per  cent  of  C'^ 
incorporated  from  the  labeled  polysaccharide  in  the  thymus,  cervical  and 
mesenteric  lymph  nodes  in  normal  and  vitamin  C  deficient  animals  was 
studied  but  no  difference  found. 

niscussio.v 

The  excretion  and  metabolism  of  17-()HCS  in  the  early  stages  of  vitamin 
C  deficiency  in  the  guinea  pig  may  be  (piite  different  from  that  of  the  ad¬ 
vanced  stages  of  vitamin  C/  deficiency  characterized  by  loss  of  weight,  hair, 
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and  fluid.  Under  .such  condition.s,  additional  nutritional  deficiencie.s  may  he 
expected  to  create  a  more  complex  metabolic  disturbance  than  the  lack  of 
ascorbic  acid  alone. 

The  present  data  indicate  the  ascorbic  acid  deficient  diet  leads  to  a 
slight  elevation  in  plasma  17-OHCS.  In  the  early  phases  of  ascorbic  acid 
deficiency,  Xadel  and  »Schneider  (.5)  ob.served  a  decrease  in  excretion  of 
urinary  formaldehydogenic  steroids  and  Clayton  and  Prunty  (8)  found  a 
decrease  in  excretion  of  17-ketosteroids  in  urine.  In  advanced  .scurvy  a 
moderate  increase  in  the  urinary  excretion  of  formaldehydogenic  .sub¬ 
stances  (.5)  and  17-ketosteroid.s  (3,  4)  were  apparently  accompanied  by 
very  high  levels  of  17-OHCS  in  the  plasma  (6).  In  the  pre.sent  study  it  has 
been  shown  that  the  clearance  of  corti.sol-4-C“  from  plasma  is  not  altered 
in  early  ascorbic  acid  deficiency.  The  data  also  .suggest  that  the  conjugation 
of  this  steroid  is  practially  imchanged  (Fig.  (i).  The  exponential  clearance 
rate  of  free  cortisol  from  the  plasma  in  the  guinea  pig  is  very  similar  to  that 
found  in  man,  but  the  rate  of  appearance  of  conjugates  is  somewhat  dif¬ 
ferent  (14). 

The  experimental  study  of  vitamin  C  deficiency  and  of  .scurvy  has  been 
hampered  by  the  lack  of  clear  cut  correlative  criteria.  l‘]ven  the  ascorbic 
acid  content  of  tissues  .seems  to  have  no  direct  correlation  with  the  onset 
of  obvious  macroscopic  le.sions  indicative  of  .scurvy  (15).  In  the  present 
study,  the  micro.scopic  evidence  of  scurvy  in  the  epiphy.ses  appeared  within 
7  days  after  the  initiation  of  the  a.scorbic  acid  deficient  diet.  At  this  time, 
the  ascorbic  acid  content  of  adrenal  and  liver  was  decreased  to  19%  and 
47%  respectively  of  the  original  concentration.  These  animals  were  still 
gaining  weight. 

.Animals  fed  a  vitamin  C  deficient  diet  for  7  days  showed  no  disturbance 
in  the  clearance  or  conjugation  of  exogenous  cortisol,  and  the  plasma  17- 
OHCS  elevation  after  .ACTH  was  not  modified.  The  increa.se  in  plasma 
17-()HCS  following  the  admini.stration  of  bacterial  polysaccharide  at  the 
third  and  seventh  days  of  deficiency  was  only  slightly  greater  than  that  of 
normal  animals.  In  normal  animals  plasma  levels  of  17-01  ICS  from  1-80 
y  100  ml.  have  been  found.  Scurvy  animals  usually  had  higher  levels. 
Since  neither  the  .ACTH  respon.se  nor  the  plasma  clearance  of  cortisol  was 
changed  at  the  seventh  day  of  a  vitamin  C  deficient  diet,  the  increase  in 
the  control  levels  of  plasma  17-()HCS  can  only  be  attributed  to  a  slight 
increase  in  circulating  ACTH.  Whether  or  not  this  reflects  an  increa.sed 
production  of  .ACTH  due  to  the  “stre.ss”  of  .scurvy  or  decreased  catabolism 
of  .ACTH  in  the  scurvy  animals  is  unknown. 

Oesterling  and  Long  (16)  found  that  the  administration  of  .ACTH  to 
guinea  pigs  which  had  been  on  a  scorbutic  diet  for  17  days  did  not  decrease 
their  adrenal  ascorbic  acid.  This  may  be  a  characteristic  of  late  scurvy, 
since  in  our  investigation  adrenal  ascorbic  acid,  regardle.ss  of  initial  level, 
decreased  after  the  injection  of  bacterial  polysaccharide  at  the  third. 
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sev’enth  or  twelfth  day  on  the  deficient  diet.  The  rebound  of  adrenal  a.s- 
corhic  acid  in  our  scurvy  animals  given  polysaccharide  was,  however, 
slower  than  in  the  normal  animal. 

The  exact  role  of  ascorbic  acid  in  the  .synthesis  and  relea.se  of  17-OHCS 
by  the  adrenals  has  not  been  clearly  demonstrated.  Ascorbic  acid  may  have 
a  regulatory  or  “braking”  role  in  these  processes.  In  late  scurvy  the 
marked  plasma  17-OHCS  elevation  (b)  and  the  increased  urinary  excretion 
of  formaldehydogenic  .substances  (o)  are  reduced  by  the  administration 
of  vitamin  C.  The  po.ssible  function  of  ascorbic  acid  in  the  cellular  hydro¬ 
gen  and  electron  transport  systems  has  recently  been  given  new  emphasis. 
Haynes  and  Berthet  (17)  have  proposed  that  ACTH  increases  the  biosyn¬ 
thesis  of  adrenal  steroids  by  acting  upon  phosphorylase.  This  enzyme  acts 
through  glycogen  and  glucose-l-phosphate  to  form  glucose-b-phosphate, 
which  in  turn,  maintains  the  reduced  state  of  triphosphopyridine  nu¬ 
cleotide  (TPNH).  Kersten,  Kersten,  and  Staudinger  (IS)  found  on  the 
other  hand  that  swine  adrenal  mitochondria  would  influence  the  hydro¬ 
genation  of  DPXH.  Although  the  mitochondrial  fraction  contains  con- 
.siderable  a.scorbic  acid,  the  addition  of  further  ascorbic  acid  to  their  in 
vitro  system  augments  the  dehydrogenation  of  DPXH. 

While  the  studies  of  Schmidt  and  Staudinger  (19)  indicate  that  ascorbic 
acid,  in  vitro,  increases  the  swine  adrenal  corticosteroidogenesis,  Hayano 
ct  al.  (20)  have  reported  that  ascorbic  acid,  in  vitro,  inhibited  the  bio¬ 
synthesis  of  steroids  in  cow  adrenals. 

F'ollowing  ACTH  administration  to  living  animals,  the  ascorbic  acid  lost 
by  the  rat  adrenal  enters  the  blood  stream  (21).  Since  ascorbic  acid  is  not 
.synthesized  by  the  adrenal  glands  in  most  animals  (22),  the  ascorbic  acid 
must  re-enter  the  adrenal  from  the  blood.  Factors  regulating  the  exit  and 
entrance  of  ascorbic  acid  in  the  adrenal  gland  may  therefore  reflect  modi¬ 
fications  in  the  cellular  oxidation-reduction  systems  important  in  adrenal 
steroidogenesis.  While  the  exact  role  of  ascorbic  acid  is  ob.scure,  the  present 
study  indicates  that  moderate  ascorbic  acid  deficiency  in  the  guinea  pig, 
sufficient  to  produce  micro.scopic  changes  in  the  epiphyseal  areas  but  prior 
to  weight  lo.ss  and  sickness,  does  not  significantly  modify  the  elaboration 
or  metabolism  of  17-OHCS. 
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EU(;EXF  SPAZIAXIVw-i)  CLAILV  M.  SZFXU) 

Depart  me  lit  of  Zooloi}!/.  (’ iiiversitji  of  Valifornia,  Lon  Aiigelen,  (’alifoniia 

AHSTR.U'T 

Four  liours  lollowiiif;  a  siufjlc  iiitra venous  dose  of  estradiol-l  7/i  to  tlie 
ovai'u'etoinized  rat,  uterine  liistainiiie  eonceutratiou  was  sif^uifieantly  (U'creased. 

'I'lie  d(‘er(‘in*>ut  was  not  due  to  aii  iuer(‘as(‘  in  histaininasc'  activity  in  the  oi}!;an. 
Coitisol  ffiven  eoneoinitantly  did  not  ])r(‘v<‘nt  the  estrof^en-indueed  release  of 
liistainine,  altliou^h  it  did  block  the  uterine  hydration  response  due  to  estrof;en 
as  (‘arlier  described  from  these  laboratories.  I'terine  histainiiu'  concentration 
was  restored  to  control  levels  within  14  hours  following!;  estrogen  injection. 

I'teri  taken  from  intact,  untreated  animals  duriiiff  those  |)ha.ses  of  the  (‘strous 
cych“  associated  with  (‘h'vateil  estroffen  sc'cretion  exhibited  histamine  h'vels 
whitdi  were  sif!;niHcantly  reduced  below  those  in  the  (juic'.scent  state. 

It  is  proposed  that  the  early  accumulation  of  water,  electrolytes  and  plasma 
l)rot('in  followiiifj  estrofjtmic  stimulation  of  the  uterus  are  secondary  manifes¬ 
tations  of  the  hyix'remia  and  incrc-ased  cai)illary  ix-rmeability  resulting;  from 
estrofjen-indiKx'd  reh'asc'  of  (mdoffeiious  histamine. 

NUMIOROUS  studies  liave  demonstrated  that  estrogen  administration 
to  the  immature  or  east  rated  adult  rat  rapidly  induces  uterine  hy- 
permia  (1-R)  which  is  accompanied  by  uptake  of  water  (4,  o),  electrolytes 
and  labeled  plasma  proteins  ((S)  in  this  organ.  The  probable  func¬ 
tional  relationship  between  estrogen-induced  uterine  hyperemia,  increased 
capillary  permeability  and  these  early  correlates  of  estrogen  stimulation 
has  been  noted  (9-13).  The  manner  in  which  estrogen  elicits  the  vascular 
response  is  unknown.  Available  data  do  not  support  the  hypothesis  that 
acetylcholine  plays  a  mediating  role  in  this  regard  (2,  10,  IT  lo).  On  the 
other  hand,  in  1024,  and  thus  well  before  the  elucidation  of  the  structure 
of  the  ovarian  hormones,  Robinson  and  Zondek  (Ki)  sought  to  reproduce 
the  action  of  crude  ovarian  extracts  in  eliciting  uterine  growth  by  ad¬ 
ministration  of  “nonspecific  biogenic  amino  bodies,”  among  them  his¬ 
tamine.  These  workers  noted  uterine  hyperemia  and  an  increa.se  in  mass 
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of  this  organ  following  the  parenteral  injection  of  a  total  of  3  and  4  mg.  of 
histamine,  respectively,  to  two  infantile  guinea  pigs.  Perhaps  because  these 
(lata  could  not  be  confirmed  (17,  18)  and  because  of  the  subsequent  estab¬ 
lishment  of  the  steroidal  structure  of  the  estrogenic  hormones  by  others, 
this  isolated  empirical  finding  was  buried.  Subsequently,  Holden  (2) 
found  that  histamine  administration  relieved  uterine  vasoconstriction 
produced  by  a  variety  of  agents  and  suggested  on  this  basis  that  histamine 
may  function  as  a  physiological  intermediate  in  the  estrogen  response. 
Further  investigation  of  this  possibility  has  not  been  pursued  (cf.,  how¬ 
ever,  19,  20).  The  experiments  reported  below,  and  in  a  forthcoming  pub¬ 
lication  (20)  were  designed  to  test  this  hypothesis.  The  present  studies 
demonstrate  that  the  release  of  uterine  histamine  is  under  estrogenic  con¬ 
trol. 


MATERIALS  AND  METHODS 

Adult  foniak*  Sprague*- Da wloy  rats,  4  to  d  months  of  ago  and  averaging  300  gm.  in 
weiglit,  were  used.  In  experiments  requiring  injeetion  of  hormones  or  control  solutions, 
the  animals  were  bilaterally  ovarieetondzed  14  to  Id  days  earlier.  Water  and  Purina 
laboratory  ehow  were  fed  ad  libitum. 

Kstiadiol-1 7/3  was  prejiared  in  isotonic  saline  solution  (21)  and  given  in  the  amount 
of  0.5  mK-  (0.5  ml.)  100  gm.  body  weight.  Cortisol  acetate  in  aqueous  suspension  (25 
mg.  ml.)  was  administ(“r<*d  in  the  amount  of  2.5  mg.  100  gm.  body  weight  alone  or 
imnu'diately  prect'ding  the  estrogen.  The  hormones  were  given  under  light  ether  anes¬ 
thesia  at  “0  time,”  each  in  a  single  dose  via  the  saphenous  vein;  controls  received  the 
vehicle  alone.  .Vt  time  intervals  thereafter,  each  animal  was  .stunned  by  a  sharp  blow  at 
the  ba.se  of  the  skull  and  bl(*d  by  decapitation.  Cterine  horns  were  severed  at  their  junc¬ 
ture  and  at  or  near  the  Fallopian  tubes  and  stripped  of  extraneous  fat  and  mesentery. 

Determination  of  histamine  content 

rterine  horns  were  slit  longitudinally,  blotted,  weighed  in  pairs  on  a  Roller- 
Smith  balance  and  placed  immediately  into  a  mortar  containing  3.5  ml.  cold  10%  tri¬ 
chloroacetic  acid.  The  horns  from  5  rats  in  any  one  experimental  group  were  pooled  for 
each  determination.  In  addition,  the  ti.ssue  from  a  sixth  animal  in  each  series  was  as¬ 
sayed  for  water  content.  The  procedures  emj)loyed  for  both  extraction  and  a.ssay  of 
histamine  were  e.ssentially  those  of  Barsoum  and  Gaddum  (22)  as  modified  by  Code  and 
Meintire  (23).  The  standard  employed  was  histamine  dihydrochloride  (reagent  grade, 
Kastman).  .\11  figures  for  histamine  content  in  standard  and  unknown  jjieparations 
were  expressed  in  terms  of  histamine  base. 

Recovery  of  added  histamine 

Tissue  from  untr<‘ated  castrated  rats  was  used  in  these  determinations.  Left  and 
right  uterine  horns  from  (“ach  of  8-10  donor  rats  were  individually  weighed  and  col¬ 
lected  in  separate  mortars  containing  3.5  ml.  10%  trichloroacetic  acid.  This  sampling 
procedure,  involving  pooling  of  contralateral  uterine  horns  from  the  same  group  of  ani¬ 
mals,  permitted  the  preparation  of  two  qualitatively  homogeneous  sets  of  tissues.  To 
one  mortar  was  added  !.0  /ug.  of  histamine  base  in  0.05  ml.  distilled  water,  whereas  the 
other  received  the  same  v'olume  of  water  only.  Both  groups  of  tissue  were  then  ground 
and  carried  through  the  extraction  and  assay  procedures  as  above. 
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Tlie  volumetric  technique  of  Kapeller-Adler  (24,  25)  for  the  estimation  of  hist- 
aminas(>  activity  in  biological  fluids  was  adapted  for  analysis  of  uterine  extracts  prepared 
in  cold  M  15  Sorensen  phosphate  buffer  at  pH  7.2.  Both  horns  from  4  animals  were 
pooled  for  each  determination. 

Water-soluble  nitrogen  was  determined  on  aliquots  of  the  tissue  extract.  Xitrogen 
analy.ses  of  these  sami)les,  and  of  others  arising  from  exjjerimental  jiroct'diires  indicated 
below,  w(>re  carri('d  out  as  d<‘seribed  by  Szego  and  White  (21)). 

rterine  l)\W 

It  was  thought  advisable  to  obtain  an  indej)end(‘nt  measure  of  the  estrogen-induced 
increa.se  in  uterine  .solids.  This  was  estimated  by  analysis  of  total  X,  a  constituent  which 
reflects  the  significant  contribution  of  protein  to  the  early  dry  weight  increase  [appar¬ 
ently  by  infiltration  from  the  plasma  (S)],  and  relating  its  concentration  to  an  index  of 
cell  numbers.  .Accoidingly,  the  following  determinations  were  made  of  total  X,  and  of 
uterine  I)X'.\,  a  substance  which  has  been  demonstrated  to  undeigo  no  change  in  the 
castrated  rat  within  20  hours  of  estrogen  administration  (27-30). 

Both  uterine  horns  were  taken  from  2  rats  for  each  determination,  weighed  and  col¬ 
lected  for  subse(juent  grinding  with  sand  in  a  chilled  mortar  containing  2  ml.  of  cold  di.s- 
tilled  water.  One  nd.  wat(U'  was  added  during  the  10  minute  grinding  i)eriod  and  the  re¬ 
sulting  homogenate  transferred  to  a  chilh'd  test  tube.  The  mortar  was  rinsed  with  1  ml. 
of  cold  water  and  the  washings  added  to  the  tube  with  mixing.  .V  2  ml.  sample  of  the 
whole  homogenate  was  promptly  removed  to  a  centrifuge  tube  containing  2.5  ml.  ice 
cold  10%  trichloroacetic  acid.  Duplicate  0.5  ml.  aliquots  of  the  homogenate  were  akso 
taken  for  detcu  mination  of  total  nitrogen.  The  sample  in  trichloroacetic  acid  was  centri¬ 
fuged  at  5°  C  and  further  carried  through  the  extraction  process  for  DX.V  as  described 
by  Schneider  (31)  except  that  the  step  involving  removal  of  the  phospholij)id  fraction 
was  omitt(‘d.  DX.V  was  determined  colorimetrically  bv  the  method  of  Dische  as  modi¬ 
fied  by  Stumpf  (32). 

RESULTS 

Studies  ou  the  reliability  of  the  methods  employed 

The  percentage  recoverie.s  shown  in  Table  1  compare  favorably  with 
those  for  blood  reported  by  Code  (33). 

As  supplementary  proof  that  the  agent  being  a.s.sayed  in  uterine  extracts 
was  indeed  histamine,  blocking  experiments  with  antihistamines  were 
performed.  The  guinea  pig  ileum  segments  used  for  assay  were  allowed  to 
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Mg.  hist, 
gm.  wet 

per 

wt. 

Mg.  hist, 
added  per 
gm.  wet  wt. 

% 

roeovery 

l‘)5-2(M) 

0 . 50 

7.97 

1 .00 

1  .41 

88.1 

200 

0 . 74 

8.48 

1  .05 

1  .74 

105.5 

113 

5.31 

0.89 

1  .02 

1  ..58 

97.5 

1.54-170 

5.20 

0.,52 

1  .38 

1 .32 

95 . 7 

'  See  text  for  <'on.«ititution  of  jiooled  samples. 
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Fig.  1.  lnlul)ition  of  liistamim'-induced  contractions  of 
guinea  j)ig  ileum  witli  Xi'o-.^ntiMgan  inalcatc.  Xumhers  refer 
to  volume  (ml.)  of  solution  addl'd.  S — histamine  standard 
(0.4  fif'.  of  the  base  ml.);  uterine  extract;  X — Xeo-.\nter- 
fjan  maleate  (0.1  m^.  ml.).  See  text  for  experimental  details. 


0.04  0.04  0.05  0.04 

SUN  U 

contract  in  turn  to  additions  of  histaniinc  standard  and  of  uterine  extract. 
.\.fter  the  usual  rinsing,  o  mK-  of  pyrani.samine  (“Neo-Antergan”)  maleate 
(Fig.  1)  or  of  tripelennamine  (“Pyrihenzamine”)  HCl  (Fig.  2)  were  added 
to  the  .suffusion  chamber.  .Addition  of  antihistamine  was  not  followed  by 
rinsing.  As  revealed  by  the  Figures,  .sub.sequent  addition  of  extract  or 
standard  produced  little  or  no  response. 

Histamine  concentration  of  the  uterus  as  influeneed  by  steroid  hormones 

.\s  shown  in  Table  2,  intravenous  administration  of  estradiol  resulted  4 
hours  later  in  a  24%  reduction  of  uterine  histamine  concentration  on  a  dry 
weight  basis.  Dry  weight  was  calculated  for  each  experimental  group  from 
the  average  water  content  of  uteri  from  additional  animals  injected  con¬ 
currently.  The  uterine  histamine  values  shown  in  Table  2  on  a  fresh  weight 
ba.sis  were  discounted  since  the  weight  increases  due  to  the  usual  influx  of 
fluid  into  the  uterus  following  estrogen  would  preclude  meaningful  de¬ 
termination  of  alterations  in  histamine  concentration.  The  decline  from 
control  levels  expressed  on  either  a  dry  or  wet  weight  basis  was,  however, 
highly  significant  by  Student’s  “t”  test  (P  <0.001).  Pending  further  testing 
and  correction  for  probable  uncontrolled  variables  (see  below),  these  data 
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Fig.  2.  Inhiliition  of  liistainiiu'-iiiduccd 
contractions  of  Kuinca  iliniin  with  I’yrihcn- 
zaniinc  HCI.  Numbers  refer  to  volume  (ml.)  of 
.solution  added.  ST. — histamine  standard  (O.S 
of  the  base/ml.);  II — uterine  extract 
A — artifact  introduced  on  stojiiiinfi;  the  drum; 
P — Pyribenzamine  (0.1  mg.  ml.). 


sugge.sted  that  a  release  and  di.sappearanee  of  locally  contained  histamine 
had  occurred  under  the  influence  of  estrogen. 

Small  dry  weight  increa.ses  have  been  reported  from  measurements  on 
whole  uterus  4-()  hours  following  a  single  dose  of  estrogen  ((>,  S,  12).  There¬ 
fore,  in  order  to  determine  the  true  decrement  in  histamine  concentration 
of  uteri  from  estrogen-treated  animals  it  was  nece.s.sary  to  assess  the  extent 
of  any  relative  increase  in  solids.  Correction  factors  for  dry  weight  were 
accordingly  derived  through  two  different  experimental  approaches.  One 


Taui.k  2.  Tmo  kkkkct  ok  kstkaoioi.  and  cortisoi.  on  thk  histamink  conckntration 

OF  eOOl.KD  I  TKRI  FROM  ADFI.T,  OV ARIKt'TOMIZKD  RATS' 


Treatment 


No.  of  %  uterine  MU.  hist,  base  mJ?-  hist,  base 

deterin’s.  water  per  gm.  wet  wt.  p<‘r  urn.  dry  wt. 


Saline  7  7!l.()±(l.8t  (i.1l2±0.2li  :i.3.il±1.3 

E.«tradiol|  8  85.4±0.(i**  3. 75  ±0  37**  25.7+2.5** 

Estradiolf +eortisolS  1  7().G±0.5  5.75+0.35**  28.2  +  1.7** 

CortisoH  4  7‘).5±0.5  7.07±0.l>()  34.5±2.0 


‘  .\niinals  were  sacrificed  4  hours  after  intravenous  injection. 
**  P  <0.001  (compared  to  saline  control), 
t  mean  ± standard  deviation. 

+  0.5  Mg. MOO  gm.  body  weight. 

§  2.5  mg./lOO  gm.  bod3'  weight. 
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Tablk  3.  Total  nitrooen  and  DXA  determinations  on  pooled  i  teri  taken  krom 

(il)  INJECTED  ADI'LT  OVARIECTOMIZED  RATS  AND  (b)  INTACT  UNTREATED  ADULTS 
IN  TWO  PHASES  OF  THE  ESTROUS  CYCLE 


Treatment  or  eondition 

No.  of 
determina¬ 
tions 

%  total 
nitrogen 

%  DXA 

.Mg.  X  mg. 
DXA 

(a)  Saline  eontrol 

U 

2.47  +().()ttt 

0.8.57+0.081 

2.01  +0.33 

4  hr.**,  after  e.^tradiolj 

1  .  (15  +  0 . 07 

0. 535  +  0.070 

3.12+0.38 

14  hrs.  after  estradiol! 

4 

1  .08  ±0.00 

0.507  ±0.000 

3.04  ±0.30 

(b)  Late  metestrus  to  diestnis 

4 

2.18+0.15 

0.285  ±0.022 

7.08+0.01 

I'iarly  estrus  to  estrus 

4 

2.02±0.15 

0  .304  ±0.011 

0 .00  ±0.51 

+  Mpiin  ± standard  deviation. 

+  0.5  mK-  '100  |£m.  body  weight,  I.\'. 


procedure  was  based  on  observations  that  cortisol  prevented  estrogen- 
induced  increases  in  uterine  water  (12),  dry  weight  (12)  and  sodium  (9). 
Table  2  reveals  that  the  uterine  histamine  concentration  of  the  corti.sol- 
treated  group  was  indistinguishable  from  that  of  the  controls.  Table  2 
further  demonstrates  that  4  hours  after  the  concomitant  intravenous 
administration  of  estradiol  and  cortisol,  a  significant  decrease  in  histamine 
concentration  from  the  control  level  was  evident  (P  <0.001).  In  this  group, 
however,  the  extent  of  histamine  depletion  (17%  below  that  of  the  con¬ 
trols)  was  not  as  great  as  that  seen  with  e.stradiol  alone.  The  fall  in  hi.s- 
tamine  concentration  from  the  control  level  of  3.4.9  mK-  dry  weight  to 
the  estrogen  plus  cortisol  level  of  2S.2  can  be  regarded  tentatively  as  the 
decrease  due  to  estrogen  alone  if  this  implicit  correction  for  dry  weight  is 
used. 

The  second  procedure  used  for  the  estimation  of  a  dry  weight  correction 
factor  was  the  determination  of  total  nitrogen  in  uteri  treated  as  above 
and  expression  of  these  values  in  relation  to  the  DXA  content.  The  ratios 
of  total  X  to  DXA  for  the  control  and  4-hour  estrogen  groups  are  shown  in 
Table  3,  section  a.  A  7%  increase  over  controls  in  the  X":DXA  ratio  was 
noted.  This  agrees  with  the  dry  weight  correction  derived  in  the  cortisol 
experiment  (c.  s.  and  Table  2).  However,  in  both  cases  the  increments  in 
dry  weight  ob.served  were  not  statistically  significant  and  might  thus  be 
considered  maximum  values  at  best. 

Histamine  concentration  determined  at  the  14-hour  interval  following 
estradiol  (Table  4)  showed  a  decrease  of  34%  below  the  controls.  This  de¬ 
cline  could  be  accounted  for  by  the  increase  in  dry  weight  of  the  organ. 
(Table  3). 

It  was  of  interest  to  determine  whether  or  not  the  depletion  of  histamine 
observed  in  the  estrogen-treated  castrated  rat  could  also_  be  detected 
during  the  normal  estrous  cycle.  Accordingly,  adult  animals  were  selected 
on  the  basis  of  vaginal  smears  and  separated  into  two  groups,  tho.se  in 
early  estrus  to  estrus  and  tho.se  in  late  metestrus  to  diestru.s.  The  animals 
were  sacrificed  within  an  hour  after  the  smears  were  taken.  Analysis  of  the 
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TaBI,K  4.  HisTAMIXK  COXCKXTRATIOX  ok  POOI.KD  I  TKRI  TAKKX  KROM  (il)  ADl  I/r 
OVARIECTOMIZED  RATS  INJECTED  14  HOI  RS  EARI.IER  WITH  A  SIXOEE  DOSE  OF 
ESTROliEX  AND  (1))  INTACT  ENTREATED  ADCI.TS  IN  TWO  PHASES  OF  THE 
ESTROrS  CYCT.E 


Treatment  or  euiuiition 

No.  of 
•  leterin’.'i. 

%  uterine 
water 

H".  hist,  base 
per  sm. 
wet  wt. 

Mg.  hi.st.  base 
per  kdi. 
dry  wt. 

(a)  Saline 

7 

71). ()+(). 8t 

ti .  '.)2  +  0 . 2() 

33.0  +  1  .3 

EstradiolJ 

5 

83.()±0.3** 

3.82±().32** 

22.5  ±1  .0** 

(h)  Late  inetestru.><  to  (Hestriis 

4 

82 . 5  +  0 .  (•> 

2.08  +0.20 

11.0  +  1.1 

Early  estru!<  to  e.^triis 

4 

81 . 1  ±().(» 

1  .02  ±0.  Hi 

8.5±0.0* 

*  I*  <0.01  (coniparcd  to  late  metpstrus-dicstrus). 

**  1’ <0.001  (compared  to  saline  control), 
t  Mean  ± standard  deviation, 
t  0.5  m!{.  100  uni.  body  weiilit,  I.\’. 

early  estrus  to  estrus  Kioup  revealed  a  histamine  eoneentration  of  8.0  ±0.9 
jug.  histamine  base  eiiuivalents  per  gm.  dry  weight  in  contrast  to  11.9  ±  1.1 
jug.,  gm.  for  rats  in  late  metestrus  to  diestrus,  a  difference  of  29%  (P  <0.01, 
Table  4).  No  .significant  difference  could  be  detected  between  the.se  groups 
in  dry  weight  as  inferred  from  N  to  1)N.\  ratios  (Table  8,  section  b). 

Utcn'nc  hislaminasr  fictirilj/ 

Measurements  of  the  histaminolytic  power  of  uterine  homogenates  dem¬ 
onstrated  that  the  histamine  depletion  ob.served  in  the  uterus  4  hours  after 
estradiol  injection  was  not  due  to  an  increased  enzymatic  destruction  of 
histamine  (Table  0). 

The  titration  of  the  tissue  blanks  in  this  method  permitted  the  incidental 
ob.servation  to  be  made  that  there  was  consistently  less  endogenous  his- 


TaBI.E  5.  HisTA.MIXASE  activity  of  pooled  I  TERIXE  TLSSI  E  TAKEN  FRO.M  ADIT.T 
OVARIECTOMIZED  RATS  4  HOI  RS  AFTER  A  SINCI.E  DOSE  OF  ESTROOEX' 


Saline 

control 

Kstradiol  treated 

No.  of  ^  %  water- 
determ’s,  *  .soluble  N 

P.U.*  per 
Kill,  fresh 
tissue 

C.C.  per 

111(5.  N 

No.  of  %  water- 

determ’s.  soluble  N 

P.L'.  per 
Kill,  fresh 
tissue 

C.C.  p»  1 

111(5.  N 

6  0.  !t,56±  0,0.1. 5t 

245  ±  42 

25.7±4.<» 

5  (1.855  ±0.017 

212  ±33 

24.8  +  3.8 

*  (KA  mK*  KH)  kih.  body  weifdit.  I.V. 

*  PernianKanato  unitH.  One  P.l'.  repi'e.sents  that  amount  of  enzyme  which  after  aerobic  incubation  for  *24  hour.*«at 
37®  C  and  pH  7.2.  in  the  presence  of  1  ml.  of  0.(167%  indiKcH'armine  takes  up  0.1  ml.  of  0.002  N  KMnOi  (24,  25).  I’ndei 
these  conditions,  1  P.U.  corresponds  to  the  destruction  of  0.46  pK.  of  histamine  hr.  (24). 

t  Mean  ± standard  devia'ion. 


tamine  substrate  present  in  the  estrogen-treated  groups  than  in  the  con¬ 
trols  (AKMn()4  =  0.52  ±0.18  ml.).  This  finding  supports  the  direct  ob¬ 
servations  on  the  capacity  of  estrogen  to  evoke  uterine  histamine  depletion 
described  above. 

DISCUSSION 

Thi.s  histamine  concentration  of  a  number  of  ti.ssues  in  various  mamma¬ 
lian  species  has  been  tabulated  by  Feldberg  (Rl).  Values  for  the  rat  ranged 
from  more  than  40  jug.  gm.  of  fresh  tissue  in  skin  of  the  feet  to  less  than  1 
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in  liver  and  spleen.  The  fisiire  of  approximately  7  mS-  found  in 
the  present  studies  for  the  uterus  of  the  ovariectomized  rat  falls  within  the 
range  determined  for  stomach  mueosa,  lungs  and  heart  in  the  rat,  and  is 
similar  to  the  value  of  11  mK-  KOi.  and  to  the  range  of  13-22  /xg.  gm.  re¬ 
ported  by  Mongar  and  Sehild  (35)  and  by  ICftkemann  and  Werle  (3()),  re¬ 
spectively,  for  the  uterus  of  intact  guinea  pigs. 

The  corrected  values  for  the  decrease  in  histamine  concentration  ob¬ 
served  under  short  term  estrogen  treatment  could  not  be  accounted  for  on 
the  basis  of  an  increase  in  histaminase  activity  determined  under  the  same 
conditions.  This  is  consistent  with  existing  reports  of  longer  term  experi¬ 
ments  in  which  estrogen  was  seen  to  have  no  effect  on  the  histaminase  con¬ 
tent  of  the  uterus  in  the  ovariectomized  rat  (37)  or  rabbit  (3S).  Further¬ 
more,  the  histamine  depletion  cannot  be  considered  a  secondary  conse- 
(pience  of  estrogen-induced  uterine  hydration  through  disruption  of  the 
osmotic  relations  of  histamine-containing  cells,  since  cortisol  given  with 
the  estrogen  prevented  water  uptake  but  had  no  effect  on  the  accompany¬ 
ing  loss  of  the  amine. 

In  contrast  to  the  findings  at  4  hours,  analyses  at  14  hours  failed  to  show 
an  alteration  of  histamine  concentration  from  control  levels  after  the  dry 
weight  correction  was  applied.  It  a])pears,  then,  that  within  14  hours 
histamine  repletion  is  effected. 

Preliminary  studies  in  the  intact  animal  showed  that  uteri  taken  in  the 
phase  of  high  estrogen  .secretion  (early  estrus-estrus)  contained  approxi¬ 
mately  29%  less  histamine  per  gm.  dry  weight  (uncorrected)  than  the 
organs  undergoing  cyclic  involution.  The  X:1)XA  ratios  indicated  no 
significant  relative  change  in  dry  weight  between  these  periods  under  the 
conditions  studied.  Thus,  the  depletion  of  histamine  in  the  early  estrus  to 
estrus  period  of  the  cycle,  presumably  under  the  influence  of  the  prevailing 
high  blood  estrogen  level  may  be  considered  to  be  real  rather  than  appar¬ 
ent.  At  both  stages  of  the  cycle  examined,  the  uterine  hi.stamine  concentra¬ 
tion  was  strikingly  lower  than  in  either  the  ovariectomized  control  or  in 
the  castrate  under  acute  estrogen  treatment.  Since  these  data  were  ex¬ 
pressed  on  the  basis  of  dry  weight  most,  if  not  all,  of  the  difference  .seen  in 
histamine  concentration  between  uteri  from  intact  animals  and  those  of 
treated  or  untreated  castrated  rats  can  be  attributed  to  a  lo.ss  in  total 
weight  of  the  uterus  which  occurred  after  ovariectomy.  The  finding  of  no 
significant  differences  in  water  content  of  the  tissue  for  the  stages  of  the 
est rolls  cycle  has  been  observed  previously  (39). 

The  data  presented  are  interpreted  to  mean  that  an  early  consequence  of 
estrogen  action  in  the  uterus  is  the  release  of  histamine  in  the  organ.  Fur¬ 
ther,  it  is  postulated  that  histamine  thus  liberated  brings  about  the  local 
hyperemic  reaction,  earlier  noted  by  others  (1-3),  which  is  in  turn  responsi¬ 
ble  for  inilial  phases  of  edema  formation  which  is  well  established  in  the 
uterus  within  3  hours  (9)  following  estrogen  administration. 
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(’'orrol)orative  evidence  ineludes  the  ol)servations  that  a  histamine  re¬ 
leasing  agent,  or  histamine  itself,  when  injected  loeally,  mimics  the  action 
of  estrogen  with  regard  to  eliciting  hyperemia  and  hydration  in  the  organ 
(11),  20).  Moreover,  blockade  of  estrogen  action  in  these  respects  can  he 
achieved  with  certain  histamine  antagonists  (11),  20). 

Paton  (10)  has  summarized  the  theories  advanced  to  explain  the  mech- 
anism(f^)  of  histamine  release  or  mobilization  from  tissues  by  histamine 
“liberating”  compounds  of  various  types  [cf.,  also,  discussions  by  .Mc- 
Intire  (41)  and  Ungar  (42)|.  These  theories  variously  propose  that  his¬ 
tamine  releasers  act  by:  (a)  inhibition  of  histaminase,  (b)  acceleration  of 
histidine  decarboxylase,  (c)  activation  of  proteolytic  enzymes  which,  in 
turn,  mobilize  histamine  from  the  tissue,  (d)  displacement  of  histamine 
base  from  acidic  intracellular  binding  sites  by  virtue  of  the  releaser’s  greater 
affinity  for  those  sites  (a  theory  made  attractive  by  tlie  fact  that  many  re¬ 
leasers  studied  are  themselves  simple  bases)  or,  (e)  lytic  or  other  action  on 
the  surface  of  the  cell  or  its  particulate  components.  Mechanism  (e)  is 
derived  from  evidence  that  in  riro  histamine  depletion  can  be  accomplished 
by  surface-active  materials  including  saponin  and  bile  salts  (40,  41). 

In  considering  the  means  by  which  estrogens  may  promote  histamine 
release  in  the  uterus,  theory  (a)  above  may  be  regarded  unlikely  on  the 
basis  of  the  present  findings.  Theory  (b)  does  not  appear  applicable  to  the 
data  reported  in  which  liberation  of  histamine  was  accompanied  by  dis¬ 
appearance  from  the  tissues.  The  fact  that  the  estrogens  are  acidic  in  the 
physiological  pH  range  (43)  militates  against  mechanism  (d).  Theories  (c) 
and  (e)  remain  to  be  investigated.  The  capacity  of  estrogenic  materials  to 
alter  the  surface  properties  of  protein  monomolecular  layers  (44),  together 
with  the  known  affinity  of  these  and  other  steroids  for  specific  proteins 
(13,  4o,  4(5)  would  indicate  that  exploration  of  mechanism  (e)  may  prove 
fruitful. 
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THE  STABILITY  OF  NATURAL  AND  SYNTHETIC 
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ABSTRACT 

The  spontaneous  decoinjjosition  of  synthetic  and  natural  neurohypophysial 
horinoiu's  in  aqueous  hulTer  solutions  over  a  pH  raiiKe  of  3.0-S.5  at  room  tem¬ 
perature  has  been  studied.  Maximal  stability  for  erude,  highly  purified  and 
syntlu'tie  ai'sinine  vasoi)ressin  preparations  was  found  at  pH  3.0,  5.0  and  8.5. 
riie  decay  proceeded  most  rapidly  at  i)H  7.5  in  phosjjhate  buffer.  The  stability 
of  ai'Kininc'  va.soiuessin  at  i)H  7.5  was  higher  in  diethylbarhiturate  than  phos¬ 
phate  buffer  .solution.  Crude  synthetic  lysiiu*  vasoi)ressin  with  low  initial 
activity  was  most  stable  at  i)H  3  and  5.  It  was  found  to  undergo  less  decomposi¬ 
tion  in  phosphate  buffer  than  the  arginine  congener.  The  highly  purified  and  syn¬ 
thetic  arginine  va.sopressin  preparations  underwent  decomposition  more 
lapidly  than  crude  posterior  i)ituitary  extracts.  The  ratios  of  the  antidiuretie, 
vasopres.sor  and  milk-ejection  ])ot(>ncies  of  arginiiu*  vasopressin  rcunained  con¬ 
stant  although  the  i)otencies  of  the  solutions  fell. 

The  velocity  of  decomposition  of  crude  natural  and  highly  i)urifie<l  synthetic 
oxytocin  was  found  to  be  similar.  Both  preparations  posst'ssed  a  maximal 
stability  at  pH  3.  Variations  in  the  hydrogen  ion  concentration  from  5  to  8.5 
influenced  the  rate  of  decay  only  to  a  moderate  extent. 

The  stability  of  endogenously  liberated  .\1)H  in  ])lasma  was  not  ap])reeiably 
low(*r  than  that  of  purified  arginine  vasopressin  in  a  phosphat(>  buffer  solution 
at  2°  C  and  at  the  same  i)H.  Oxytocin  dissolved  in  canine  plasma  undei  went 
inactivation  considerably  fa.st(‘r  than  the  eontrol  in  phosphate  buffm-  at  similar 
1)H  but  at  room  temperature.  .Vt  2°  C,  fifty  i)er  cent  of  activity  of  oxytocin  in 
jilasma  was  lost  in  40  hours. 

Before  the  elucidation  of  tlie  structure  of  oxytocin  and  va.sopressin 
(antidiuretic  hormone)  by  du  Vigneaud  and  his  associates,  experi¬ 
ments  dealing  with  the  staltility  of  the  neurohypophysial  hormones  were 
undertaken  chiefly  to  furnish  information  which  could  help  in  clarifying 
their  chemical  nature.  It  was  shown  that  the  oxytocic  activity  of  pituitary 
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extracts  was  rapidly  destroyed  by  treatment  with  stroiifi  acids  and  stroiifj 
alkali  (1,  2,  o)  and  that  the  disappearance  of  activity  was  characteristic  of 
a  sinfile  substance  decomposinfj  according;  to  the  law  for  a  monoinolecular 
reaction  (4).  Further  work  indicated  that  the  hydrofjen-ion  concentratit)n 
rather  than  the  acid  used  determined  the  stal)ility  of  the  oxytocic  prin¬ 
ciple  and  that  its  inactivation  by  reduciii}!  agents  (o,  (>)  was  probal)ly  due 
to  reduction  of  a  disulfide  bond  in  the  oxytocin  molecule.  The  effect  of 
temperature  upon  the  velocity  of  decomposition  was  found  to  be  in  satis¬ 
factory  agreement  with  Arrhenius’  ecpiation  (7,  S,  9);  the  electrolyte  con¬ 
centration  of  the  solution  was  considered  to  be  non-contributory  to  this 
effect.  Purification  of  posterior  pituitary  extracts  was  not  found  to  lessen 
the  stability  of  oxytocin  (f)).  (laddum  (7)  has  published  a  nomogram  in 
which  the  loss  of  activity  of  oxytocin  is  related  to  time,  temperature  and 
hydrogen-ion  concentration. 

Compared  with  the  considerable  information  concerning  the  fate  of  dis¬ 
solved  oxytocin  our  knowledge  of  the  stability  of  the  antidiuretic  hormone 
or  vasopressin  was  meager  until  the  work  of  Heller  (10)  was  published. 
Fmploying  a  pH  range  from  0.07  to  10.0  at  00° C’  he  demonstrated  a  maximal 
stability  at  pH  d.O  for  the  antidiuretic  hormone  (Al)H)  and  vasopressin, 
which  at  that  time  were  often  considered  to  be  separate  entities.  The  anti¬ 
diuretic  hormone,  however,  appeared  to  be  the  more  stable  in  the  alkaline 
lange,  as  antidiuretic  assays  of  extract  heated  at  pH  S.O  or  10.0  indicated 
about  10  times  greater  potency  than  was  disclosed  by  vasopres.sor  a.ssays. 
Heller’s  technics  were  reviewed  by  Fra.ser  (11)  who  demonstrated  that 
partially  alkali-inactivated  i)osterior  lobe  preparations  gave  higher  ADH 
values  if  subcutaneous  rather  than  intravenous  injections  were  used.  Un¬ 
fortunately,  Fraser’s  own  assay  technics  were  of  limited  accuracy. 

The  recent  availability  of  highly  purified  natural  and  synthetic  neuro¬ 
hypophysial  hormones  as  well  as  the  improvement  of  methods  used  for 
their  estimation  made  possible  a  more  reliable  and  .systematic  investigation 
of  their  stability.  In  this  study  the  problem  of  spontaneous  decomposition 
was  approached  from  a  practical  point  of  view,  such  as  the  situations  en¬ 
countered  during  the  i.solation,  concentration,  assay  and  storage  of  these 
liormones.  The  influence  of  the  buffer  system  used,  as  well  as  the  degree  of 
purity  of  the  preparation,  became  of  particular  interest.  Attention  was  also 
focused  on  the  behavior  of  the  .synthetic  octapeptides  and  a  comparison 
was  made  between  lysine  and  arginine  va.sopressions.  .Vnother  aspect  of 
hormone  activity  which  was  studied  in  vitro  and  is  reported  here  was  the 
stability  of  endogenously  liberated  vasopressin  (ADH)  in  plasma. 

M.VTEKIAL  .\N1)  MET  HODS 

The  |)i(‘i):iiations  stinlicd  werr  Postciior  Pituitaiy  Hcfcrciicc  Standard  I'.S.P.  (0.4 
u.  inK..  containing  accoi(lin}>;  to  pharinacolojjical  criteria  only  aiginiiu'  vasopressin), 
highly  purified  natural  aiginine  vasopressin  (400  u./nig.),  i)artially  |)urified  synthetic 
aiginine  vasopressin  (17.a  u.  inf?.),  an  early  sample  of  partially  purified  synthetic  lysine 
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vilsoprcssin  (.S()  v.  iiijj.)  aiul  hinlily  purified  syntlietic  oxytocin  (oOO  it.  The  juiii- 

fied  Miitural  and  synthetic  preparations  \ver(‘  kindly  su|)pli(Ml  hy  Di-.  \’ineent  <lu  Yi- 
jtneaud.  S(»lutions  witli  lioiinone  concentrations  varyiii}*  I'roin  oO  to  2(H)  inr.  ml.  wc're 
prepared  in  0.9%  aqueous  sodium  (ddori<h‘  eontaininfi  huffer  and  were  stort'd  at  room 
tem])eratun‘  (lS°-24°  C)  in  tightly  stopi)ered  20  ml.  tc'st  tubes.  .V  crystal  of  tliymol 
was  addl'd  to  each  tube  as  a  pri'servative.  .\cetic  acid  as  a  0.3%  solution,  and  aei'tati' 
(0.1.1/),  ])liosi)liate  (0.1. 1/)  and  diethylharliiturate  (0.03.').!/)  luiffeis  wi'ii'  usi'd  at  pll 
levels  of  3,  5,  O.o.  7. ami  S.')  I'cspi'ctivi'ly.  At  pH  7..^  both  plH)S])batt'  and  dietbylbar- 
biturate  buffers  weii'  employi'd.  Tlu*  bydrosen-ion  concentration  of  the  solutions  was 
tested  occasionally  and  sliowt'd  oid.v  n<'<<lifjil)le  cbaiifres  ovi'r  a  peiiod  of  two  months. 

'I'be  assay  methods  employed  have  hi'i'ii  ib'scribi'd  ])reviously  (12).  Tor  tiu'  study 
of  the  stability  of  endosi'iious  .^1)H,  dof^s  were  prejiari'd  under  jx'ntobarbital  sodium 
ane.stbe.sia  and  fiiven  artificial  respiration.  The  neuroliyixqjbysis  was  stiimdated  by 
mor|)bine  sulfate  (1  niji.  k^.  by  intracarotid  inji'ction)  and  blood  sanqiles  were  taken 
from  exti'inal  and  inti'inal  juftular  veins  the  ('xtraci'K'bral  brancbi's  of  which  bad  bei'ii 
previously  ligated. 

UESULTS 

Kjj'ect  of  pH  and  buffer  solution  on  the  stubility  of  crude,  purified  uud  syti- 
Ihetic  vasopressins.  Tahle.s  1  and  2  suniinarizc  the  data  obtained  diirinf*;  2 
inontli.s  from  .studies  of  various  ADII  preparations  divided  into  four  f>;roups: 
a)  Posterior  Pituitary  Reference  Standard,  U.S.P.,  1))  liiKhly  purified 
arginine  vasopressin,  c)  syntlietie  arginine  vasopressin  and  d)  synthetic 
ly.sine  vasopre.ssin. 

The  rate  of  decomposition  is  expres.sed  as  tlie  ratio  of  assayed  value 
after  a  given  time  ititerval  to  tlie  original  potency.  From  the  decay  curves, 
whicli  differed  among  the  highly  purified  preparations  hut  were  le.ss  vari¬ 
able  within  the  .series  of  U.S.P.  Standard  solutions,  most  ))oints  as  listed  in 
Tables  1  and  2  had  to  be  obtained  graphically  as  a.ssays  could  not  always 
be  carried  out  at  the  same  time-inteivals.  For  the  interpretation  of  these 
results  it  must  be  remembered  that  the  accuracy  of  either  the  vasopressor 
or  antidiuretic  assay  will  not  exclude  errors  of  ±20%.  It  is  apparent  that 
the  spontaneous  decomposition  of  either  purified  or  crude  vasopressin 
preparations  proceeded  most  rapidly  at  pII  0.")  and  7.5.  \t  hydrogen-ion 
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Purilied  ateiiiitic  vuisopivs-sin 

1 

.S.l>.  ref, 

lelice 

staiidard'- 

pll 

buffer 

;i.o 

.5.0 

acet. 

6. 5 
pho^<. 

7. .5 
phov 

7. .5 
DEB 

8.5 

DEB 

pll 

biiffei’ 

;i.(» 

5.0 

acio. 

6.5 

phos. 

7.5 

phus. 

7.5 

DEB 

8.5 

DI  B 

da.vs 

l.(H) 

1  .IK) 

1  .(Ml 

I.IHI 

I.IHI 

1 .00 

da.vs 

1  .00 

1  IMI 

1  IK) 

1.00 

1  IK) 

1  .00 

•> 

0.08 

0.00 

0.0,5 

0.70 

0.0.5 

0.00 

2 

0.06 

0.06 

0.05 

0.00 

0.07 

1 .06 

4 

1.10 

0.04 

0.86 

0.74 

0.8;i 

0.04 

4 

0.07 

0.04 

0.02 

0.84 

0.05 

1  .00 

6 

1.0.5 

O.iM) 

0.81 

0.66 

0.70 

O.'M) 

6 

0.06 

0.00 

0.80 

0.78 

0.02 

0.04 

8 

0.00 

o.o:i 

0.76 

0.62 

0.75 

0.04 

8 

0.07 

0.00 

0.82 

0.73 

0.80 

0.03 

10 

0.06 

0.06 

0.70 

0..57 

0.72 

0.07 

10 

0.07 

0.00 

0.80 

0.71 

0.85 

0.02 

12 

1.01 

0.06 

0.6.5 

0.48 

0.71 

0.07 

12 

0.07 

0.00 

0.77 

0.67 

0.81 

0.01 

14 

1.06 

0.06 

0.61 

0..10 

0.71 

0.06 

14 

f).07 

0.80 

0.73 

0.64 

0.78 

0.80 

28 

1 .0,5 

0.80 

0.20 

0.12 

0.33 

0.74 

28 

l.fMJ 

0.88 

0.60 

0.46 

0.60 

0.80 

62 

0.7.5 

o.;i.5 

_♦ 

.  -* 

_» 

0.38 

62 

0.76 

0.00 

* 

♦ 

* 

0.68 

Xote:  DEB  =di<'tli.vlbarbitiiratc. 
♦  No  activity  detected. 

>  400  u.  /niB. 
t  0.4  c./iii(t. 
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Arginine  vasopressin' 

Lysine  vasopreasin* 

pH 

.3.0 

.5.0 

6.5 

7.5 

7.5 

8.5 

pH 

3.0 

5.0 

6.5 

7.5 

7.5 

8.5 

buffer 

— 

acot. 

phos. 

phos. 

DEB 

DEB 

buffer 

— 

acet. 

phos. 

phos. 

DEB 

DEB 

days 

da  VS 

1.00 

l.(M) 

l.IXt 

l.(MI 

I.IMI 

1.00 

1.00 

1.00 

I.IHI 

I.IHI 

I.IHI 

1  .(M) 

2 

1.01 

0.08 

0.113 

O.IMI 

1.02 

1.02 

2 

0.118 

O.IM) 

0.06 

I.IHI 

1.04 

l.(MI 

4 

1.02 

0.07 

0.87 

0.80 

0.05 

1.01 

4 

0.116 

0.00 

0.03 

0.08 

0.117 

1  .(Ml 

6 

1.02 

0.06 

0.80 

0.70 

0.88 

O.IMI 

6 

0.05 

0 .  IHI 

O.IM) 

0.06 

O.IM) 

l.(N) 

8 

1.03 

0.05 

0.74 

0.63 

0.80 

0.08 

8 

0 . 116 

O.IMI 

0.88 

0.01 

0.88 

0.1111 

10 

1.01 

0.88 

0.70 

0.57 

0.70 

0.05 

10 

0.07 

1.00 

0.85 

0.85 

0.85 

0.07 

12 

1  .(Ml 

0.82 

0.65 

0.52 

0.77 

0.03 

12 

0.08 

l.(Ml 

0.82 

0.80 

0.83 

0.116 

14 

0.08 

0.76 

0.62 

0.50 

0.72 

O.IMI 

14 

O.IMI 

1.01 

0.80 

0.75 

0.80 

0.04 

21 

0.03 

0.67 

0..50 

0.42 

0.63 

0.85 

21 

0.03 

I.IHI 

0.70 

0.63 

0.72 

0.83 

28 

0.87 

0.64 

0.37 

0.25 

0.52 

0.75 

28 

0.87 

0.00 

0.60 

0.53 

0.61 

0.66 

4,5 

0.05 

62 

0.88 

0.62 

_ ♦ 

_ * 

0.22 

0.52 

62 

0.78 

0.70 

0..32 

0.24 

0.31 

0.23 

Not<*;  DEB  ^diethylbarbiturato. 

*  No  activity  detected. 

*  175  r./ni|E. 

*  36  r./mg. 

concentrations  represented  by  these  pHs  there  was  a  considerable  dis¬ 
crepancy  between  the  stability  of  crude  and  highly  purified  natural  argi¬ 
nine  vasopressin  preparations;  the  latter  decomposed  more  rapidly.  (It 
should  be  mentioned  that  one  purified  preparation  (508123)  deteriorated 
very  rapidly.  This  highly  purified  arginine  vasopressin  in  a  phosphate 
buffer  solution  at  pH  7.5  lost  about  50%  of  its  activity  in  3  days.)  The 
effect  of  the  two  buffer  solutions  used  at  pH  7.5  is  of  intere.st.  Throughout 
the  experiment  the  groups  containing  arginine  vasopressin  showed  a 
significantly  reduced  rate  of  decomposition  in  0.035il/  diethyll)arbiturate 
compared  with  that  in  pho.sphate  buffer  solution  at  the  same  pH. 

In  a  comparison  of  the  rates  of  decay  of  .synthetic  arginine  and  lysine 
vasopre.ssins  certain  differences  were  encountered  (see  Table  2).  Lysine 
vasopre.ssin,  although  as  stable  as  the  arginine  compound  in  an  acid  me¬ 
dium,  lost  le.ss  activity  in  the  pH  range  from  6.5  to  7.5  in  phosphate  buffer. 
Whether  or  not  this  di.screpancy  was  due  to  the  cruder  nature  of  this  early 
partially  purified  synthetic  lysine  vasopressin  preparation  remains  to  be 
elucidated. 

Comparison  of  the  stability  of  antidiuretic,  vasopressor  and  milk-ejection  po¬ 
tencies  of  the  U.S.P.  Standard  preparation  and  highly  purified  arginine  vaso¬ 
pressin.  The  relationship  between  the  rates  of  decay  of  the  antidiuretic  and 
vasopressor  potencies  was  studied  with  highly  purified  arginine  vasopressin 
and  the  U.S.P.  Posterior  Pituitary  Standard.  Simultaneous  determinations 
l)y  both  assay  methods  were  carried  out  with  solutions  at  pH  3,  5,  6.5,  7.5 
and  8.5  during  2-42  days.  The  data  obtained  are  presented  in  Table  3.  Anti¬ 
diuretic  and  vasopre.ssor  potencies  are  expre.ssed  as  ratios  of  the  assayed 
values  to  the  original  potency.  The  re.sults  are  listed  in  the  order  of  the  de¬ 
gree  of  decomposition.  The  first  four  columns  indicate  the  difference  in  the 
.solutions  used  with  respect  to  the  source  of  ADH,  the  pH,  the  buffer  solu¬ 
tion  and  the  elapsed  time.  In  general  there  was  a  close  agreement  between 
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TaBI,K  3.  ('OMI’ARISON  OK  AXTIDll  HKTIO  AXD  VAKOI'RKSSOR  POTEXTIES  OK  ARGIMXE 
VASOI’RESSIX  I  XDERr.OIXO  DECOMPOSITIOX 


Prepara¬ 

tion 

pH 

Buffer 

Time  iu 
days 

.Vntidiuretic 

potency 

Vasopressor 

potency 

r.s.p.  Std. 

3.0 

_ _ 

42 

1  .01 

0.08 

r.S.P.  Std. 

3.0 

— 

28 

1  .00 

1  .00 

Purif.  Vp. 

3.0 

- - 

2 

0.01 

0.00 

Purif.  Vp. 

8.5 

dietliviharli. 

” 

0.01 

0.70 

U.S.P.  Std. 

5.0 

acetate 

28 

0.84 

0.88 

Purif.  Vp. 

5.0 

acetate 

23 

0.81 

0.80 

Purif.  Vp. 

3.0 

7 

0 . 70 

0.84 

Purif.  Vp. 

dietlivlharl). 

14 

0.04 

0.72 

U.S.P.  Std. 

t)  .5 

l)hospliate 

27 

0.04 

0.50 

U.S.P.  Std. 

7T7) 

dietluli)arl) 

27 

0.00 

0.00 

Purif.  \'p. 

TTo 

diethvlharl), 

23 

0.50 

0.40 

U.S.P.  Std. 

7.5 

phosphate 

27 

0.40 

0.50 

Purif.  Vp. 

.5 

phospliat*’ 

23 

0.35 

0.30 

U.S.P.  Std. 

5.0 

ac(‘tate 

42 

0.34 
mean  =  0  .(>3 

0.34 

0.03 

the  corresponding  values  obtained  in  the  antidiuretic  and  vasopressor  as¬ 
says.  To  extend  tliese  ol)servations  an  additional  experiment  using  the 
U.S.P,  Standard  in  a  highly  alkaline  (pH  10.3)  medium  was  undertaken. 
.\fter  one  hour  in  a  boiling  water  bath  the  loss  of  the  vasopressor  and  anti¬ 
diuretic  activities  was  identical  (00%  loss  in  the  antidiuretic  and  87%  loss 
in  the  vasopressor  assay).  These  results  indicate  that  similar  losses  of  anti¬ 
diuretic  and  vasopressor  activities  occur  in  a  vasopressin  solution  under¬ 
going  decomposition;  the  parallelism  of  this  decline  is  unaffected  by  varia¬ 
tions  in  the  hydrogen-ion  concentration  or  differences  in  buffer  solutions. 

The  decay  of  the  milk-ejection  potency  of  vasopressin  was  studied  with 
highly  purified  arginine  vasopressin.  Solutions  were  prepared  in  buff  er  solu¬ 
tions  at  pH  3,  ().o,  7.0  and  8..o.  Milk-ejection  and  vasopressor  activities 
were  determined  at  intervals  during  34  days.  The  loss  of  activity  measured 
by  the  vasopressin  assay  ranged  from  0  to  90%.  As  the  milk-ejection 
potency  of  the  ADH  is  about  17%  in  terms  of  U.S.P.  Standard  (12, 13),  this 
value  was  used  to  compare  the  milk-ejection  vasopressor  ratios  obtained. 
In  no  instance  was  a  significant  deviation  ob.served.  The  mean  milk-ejec¬ 
tion  potency  computed  from  14  determinations  was  17.7%  of  the  respective 
values  found  by  the  vasopressor  assay  (see  Table  4).  The  agreement  satis¬ 
factorily  demonstrated  that  the  decomposition  of  vasopressin  leads  to  a 
parallel  loss  of  both  the  milk-ejection  and  vasopressor  potencies. 

The  stability  of  synthetic  and  crude  natural  oxytocin.  The  stability  of 
oxytocin  was  investigated  according  to  the  plan  described  above  for  vaso¬ 
pressin  using  the  same  hydrogen-ion  concentrations  and  buffer  solutions. 
Owing  to  the  limited  availability  of  assay  animals  the  determination  of 
oxytocin  in  terms  of  milk-ejection  potency  could  not  be  carried  out  as 
frequently  as  that  reported  for  ADH.  However,  this  did  not  represent  a 
handicap  as  a  relatively  slow  rate  of  decomposition  for  oxytocin  through¬ 
out  the  pH  range  employed  was  apparent  from  the  beginning  of  the  investi- 
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r\HKK  4.  (\)MI*AKISO\  OF  M 1  LK-K.I  \  AM>  V 

IM  RIFIKU  AR<;i.\I\K  VASOFRKSSIN  AT  VARKM 

VSOPUKSSOU  l»OTi:\(  IKS  OF  HIOIII.V 

s  sta<;ks  of  i>i:ro.Mi»osiTio\ 

pii 

Hiiitci- 

Time  in  days 

I’er  eenl  of  initial 
vasopressin 
activity 

.MK  VI** 

3.0 

4 

07 

0.14 

3.0 

1 

00 

0.10 

7  .o 

i)i;i{ 

4 

'.•2 

0.10 

S.T) 

DHH 

4 

00 

0 . 24 

S .  5 

DKH 

34 

00 

0.14 

;ro 

.... 

1  1 

82 

0. 1 1 

3.(> 

14 

80 

0.14 

8.5 

DKH 

14 

78 

0.18 

(» .  5 

plios)>liate 

4 

02 

0.21 

7 . 5 

DKH 

14 

00 

0.18 

7 . 5 

plio.xpli.-it(‘ 

4 

40 

0.24 

(1 . 5 

pliospliale 

It 

40 

0.10 

7 . 5 

pliospli.-itc 

14 

2.^ 

0.24 

7 . 5 

pliospliatc 

34 

I  1 

0.1.') 

Mean  =((.177 


I  )I'1H  =(lictiiyll)ai  l>itiirati‘. 

,  Milk-cjcction  poti-iii'v 
N’asoprc's.sor  potency 

f^ation.  Tlie  results  are  .siinunarized  in  Figure  1. 

The  luaxiinal  stability  of  .synthetie  oxytocin  like  that  of  vasopressin  was 
found  to  be  at  pH  3  in  0.3%  aeetie  arid.  Over  a  period  of  4  weeks  there  was 


pH  3.0  50  6.5 

Buffar  —  Acstate  Phosphate 

■  Corrected  tor  vasopressin  present 


IHI  Standard* 
^  *  Synth.  Oxytocin 


Phosphote  Diethyl-  Diethyl- 
barbiturate  barbiturate 


Fig.  1.  Tlic  stai)ility  of  crude  natural  and  liiglily  purifit'd  synthetic  oxytocins  in 
atpicous  buffer  solutions  after  4  weeks  at  room  tempeiature. 
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IK)  (leto(*taI)le  loss  of  activity  in  either  tlie  higlily  purified  synthetic  prep¬ 
aration  or  the  crude  U.S.P.  Standard.  Tlie  decomposition  of  tlie  synthetic 
oxytocin  over  the  remaining  pH  raiifje  sliowed  a  satisfactory  uniformity 
and  was  indistin}»:uislial)le  witliin  the  error  of  assay.  The  mean  survival  of 
activity  after  the  4-week  period  at  pH  o,  ()..")  and  7.5  was  about  75%.  The 
loss  of  the  milk-ejection  potency  corrected  for  vasopressin  in  the  U.S.P. 
Standard  preparation  followed  a  similar  pattern.  However,  an  accelerated 
rate  of  decay  appeared  to  have  occurred  at  pH  (1.5  and  7.5  in  phosphate  and 
diethylharhiturate  buffers.  .Vt  pH  5.0  and  pH  S.5,  the  mean  loss  of  activity 
after  RR  days  was  about  15%  • 

Stability  of  vadoycaouHty  liberated  ra.sopre.s.sin  in  planma.  The  lack  of  oui’ 
knowledge  refi;ardi!i}>:  the  state  of  the  eirealatiay  hormone  as  well  as  its  low 
concentration  led  to  experiments  on  the  survival  of  endof^enous  hormone  in 
plasma.  In  a  preliminary  invest i{j;at ion  the  stability  of  added  hormone 
(purified  arfjinine  vasopressin  or  U.S.P.  Standard)  in  a  low  (2  mr./ml.) 
concentration  was  exploied.  There  was  no  detectable  difference  at  2°  U  in 
the  rate  of  decay  between  either  type  of  prepai’ation,  and  the  antidiuretic 
activity  was  pr(*served  ecpially  well  in  plasma  and  in  the  control  solution  of 
isotonic  sodium  chloiide.  Practically  no  loss  of  activity  could  be  demon¬ 
strated  within  the  first  4<S  hours  altlunigh  the  pH  of  the  plasma  was  about 
7.S  and  that  of  the  saline  was  less  than  7  (Fis-  -)• 

Different  results  were  obtained  in  a  similar  study  with  oxytocin.  U.S.P. 
Peference  Standard  in  a  concentration  of  25  mi',  ml.  in  canine  plasma  at 


O 

\  y 
k  A- 


O  Oxytocin  (USP  std )  in  plosmo  pH  76  2  C 
•  Oxytocin  (U.SP  std )  in  phosp  buffer  pH  75  -  room  T 
A  Vosopressin  (uS  P  std.)  in  phosp  buffer  pH  7.5  -  room  T 
.K  Purif.  Arg.  Vosopr  in  phosp  buffer  pH  7.5 -room  T 
A  Endogeneous  ADH  in  plosmo  pH  78  2*C 


I  2 
Time  in  doys 


Fig.  2.  'I'lii'  stability  of  iiouroliypoiiliysial  lioiinoiics  in  jilasma  ami 
ill  a(|U(‘ous  jihosphatc  buffer  solution. 
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2°  C  was  used.  The  oxytocic  activity  was  measured  by  the  milk-ejection 
assay  as  described  above.  The  results  are  presented  in  Figure  2  and  a 
greatly  accelerated  loss  of  activity  in  plasma  is  apparent. 

Six  experiments  were  conducted  to  obtain  sufficiently  large  amounts  of 
endogenously-liberated  antidiuretic  hormone  for  a  further  study  of  stabil¬ 
ity.  Blood  samples  from  donor  dogs  were  taken  immediately  after  the 
stimulation  of  the  neurohypophysis  by  the  intracarotid  injection  of  mor¬ 
phine  sulfate  in  a  dose  of  1  mg. /kg.  over  a  period  of  2  minutes.  The  concen¬ 
tration  of  vasopre.ssin  in  the  internal  and  external  jugular  venous  blood, 
measured  by  its  intravenous  antidiuretic  action,  showed  considerable 
variations  from  experiment  to  experiment.  The  highe.st  antidiuretic  value, 
:i40  mu.  100  ml.  of  plasma,  was  observed  in  a  sample  from  the  internal 
jugular  vein  (blood  flow  1  ml.  min.)  after  the  third  con.secutive  stimula¬ 
tion.  The  maximal  concentration  in  plasma  obtained  from  the  external 
jugular  vein  (blood  flow  20  ml. /min.)  was  SO  mu.  100  ml.  Low  hormone 
concentrations  in  conjunction  with  the  limited  amounts  of  plasma  avail¬ 
able  led  occasionally  to  considerable  difflculty  in  the  performance  of  ac¬ 
curate  as.says.  However,  a  general  trend  in  the  loss  of  activity  could  be 
clearly  demonstrated. 

The  data  obtained  from  a  repre.sentative  experiment  in  which  the  sta¬ 
bility  of  endogenous  vasopressin  in  plasma  kept  at  2°  C  was  determined 
are  shown  in  Figure  2.  The  antidiuretic  potency  present  at  a  given  time  is 
expressed  as  the  fraction  of  the  original  concentration.  The  absolute 
amount  of  vasopressin  present  at  the  beginning  of  the  experiment  was  2S 
mu.  100  ml.  of  plasma.  The  pH  of  the  sample  throughout  the  observation 
period  was  approximately  7.S.  To  compare  the  velocity  of  decompositon  of 
the  endogenously  liberated  hormone  with  that  of  purified  arginine  vaso¬ 
pressin,  the  decay  of  the  latter  in  a  phosphate  buffer  .solution  of  pH  7.5  is 
presented  in  the  .same  figure.  In  general  it  can  be  stated  that  the  stability  of 
endogenous  vasopre.s.sin  in  plasma  is  relatively  high  despite  the  low  concen¬ 
tration  of  the  hormone  present  and  the  unfavorable  pH  of  the  medium. 


DISCUSSION 

.Vlthough  the  elucidation  of  the  chemical  structure  of  the  neurohypo¬ 
physial  octapeptides  has  been  accomplished,  our  knowledge  of  the  path¬ 
ways  involved  in  their  spontaneous  decomposition  remains  meager.  lOx- 
perimentally-induced  inactivation  by  acid  hydroly.sis,  reduction  of  the 
disulfide  linkage  or  enzymatic  cleavage  of  the  peptide  bonds  has  shed  some 
light  on  the  numerous  possibilities. 

The  comparative  .study  of  the  lo.ss  of  antidiuretic,  vasopres.sor  and  milk- 
ejection  potencies  of  highly  purified  arginine  vasopressin  has  shown  identi¬ 
cal  rates  of  decline  of  activity  measured  by  any  of  the  three  methods  oi 
bio-as.say  employed.  A  parallel  loss  of  vasopre.ssor  and  oxytocic  activity  luu 
also  been  reported  for  a  solution  of  highly  purified  arginine  vasopressii 
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(14).  Our  observations  .support  the  concept  that  the  portion  of  arginine 
vasopressin,  which  .survives  at  any  of  tlie  hydrogen-ion  concentrations  in¬ 
vestigated,  is  unchanged  with  respect  to  its  activities.  This  view  is  sup¬ 
ported  by  the  fact  that  related  octapeptides  when  biologically  active  do 
not  po.s.se.ss  ratios  of  activities  like  those  of  oxytocin  or  vasopre.ssin  (lo). 
Our  experiments  failed  to  demonstrate  any  appreciable  difference  in  the 
stability  of  oxytocin  in  the  pH  range  of  o  to  S.o  in  contrast  with  the  experi¬ 
ments  of  others.  However,  it  must  be  emphasized  that  differences  in  the  de¬ 
sign  of  the  experiments  render  a  compari.son  difficult.  Dettelbach  (lb)  con¬ 
cluded  that  vasopressin  in  a  concentration  of  O.o  mu.  ml.  in  aqueous  solu¬ 
tion  at  room  temperature  underwent  very  rapid  inactivation  especially  at  a 
pH  above  4;  the  .soltuions  were  not  buffered  and  did  not  contain  a  pre.serva- 
tive.  The  interesting  finding  of  the  greater  .stability  of  arginine  vasopressin 
at  pH  8.5  in  comparison  with  pH  (5.5  or  7.5  is  also  not  in  agreement  with 
previous  reports. 

No  explanation  at  pre.sent  can  be  offered  for  the  discrepancy  in  the  rate 
of  decomposition  of  arginine  vasopressin  in  phosphate  and  diethylbar- 
biturate  buffers  at  pH  7.5. 
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AHSTHACT 

III  tlic  (l<)}j;  iiitiii venous  iiifiiniiie  vasopressin  is  a  inueli  more  jiotent  anti- 
(liun’tie  a^jent  in  terms  of  its  vasojiressor  activity  than  lysine  vasojiressin.  Ar- 
ninine  vasopri'ssin  apjiears  to  he  tlie  antiiliuretie  hormone  of  tlie  (lo^  and  many 
other  mammals  whereas  lysine  vasojiressin  is  the  antidiuretie  hormone  of  the 
pifi.  In  the  pif?  lysine  vasoprc'ssin  is  as  potmit  if  not  more  jiotent  than  arginine 
vasopressin  when  eithei  hormone  is  administered  to  unanesthetizeil  animals  hy 
intravenous  injeetion. 

Henal  function  studic's  wcue  also  performed  in  tlu'  pi}>:  which  can  exereti' 
about  20  jier  cent  of  the  fjloinerular  filtrate  ilurinn  water  diuiesis.  The  glomer¬ 
ular  (iltration  rate  (('ix),  the  renal  plasma  flow  (('pah)  iind  the  maximal  transfer 
of  para-aminohippurate  (  l'tii|,^„)  nrc'  all  much  higher  in  the  pig  than  in  most 
other  mammals.  The  eleaianee  of  endogenous  eriaitinine  was  lower  than  that 
of  inulin. 

AlUiIXIXl)  vasopressin  was  identified  hy  Turner,  Pierce  and  du 
Vigneaud  (1)  as  the  vasopre.ssin  of  the  posterior  pituitary  of  oxen 
whereas  the  vasopressin  of  hog;  gjlands  was  shown  to  he  lysine  vasopressin 
(Popenoe,  Lawler  and  du  Vigneaud  (2)).  These  vasopressins  were  later 
carefully  eoinpared  pharinaeologieally  hy  vati  Dyke,  I'aiRel  and  Adamsons 
(i^).  Doses  with  etpial  vasopre.ssor  efi'eets  in  anesthetized  rats  were  etpially 
potent  in  raisingj  the  hlood  pressure  of  dogs,  in  rai.Hng;  the  milk-ejeeting; 
pressure  in  the  hreast  of  rahhits,  in  lowering;  the  hlood  pressure  of  fowls  and 
in  inhihiting:  diuresis  after  .subcidatu’ous  injeetion  in  rats.  The  striking;  dif¬ 
ference  hetween  the  two  va.sopressins  was  revealed  hy  experiments  testing 
their  antidiureetie  potency  after  intnnrnou.^  injection  in  trained,  unane.s- 
thetized  dogs.  By  this  assay,  arginine  vasopressin  was  about  six  times  as 
potent  as  lysine  vasopressin.  Inasmuch  as  lysine  vasopressin  appears  to  he 
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socroted  only  by  the  iieuroliypophysis,  it  is  of  considerable  interest  to 
determine  the  intravenous  antidiuretic  potency  of  the  two  vasopressins  in 
piss.  The  experiments  which  were  i)erformed  for  this  purpose  are  reported 
here.  In  addition  observations  on  renal  function  in  the  pis  are  recorded. 

MATERIAL  AND  METHODS 

Highly  ))uritie(l  natural  arsiiiiiu'  vasopressin  and  syntlu-tic  lysiiu'  vas()i)ri'ssin. 
prepnred  in  the  ColU'S*'  nf  Medicine  of  Cornell  Cniversity  wi're  kindly  provided  hy 
Professor  V.  dn  Vifjneaiid.  Vasopressor  potency  in  comparison  witli  International  Stand¬ 
ard  Posterior  Pituitary  Powder  was  deterinineil  rep(‘atedly  by  intravenous  injection  in 
rats  dnriiif?  the  exi)erinu‘nts  as  well  as  aftc'r  tlieir  completion.  No  sif>;nifieant  deteriora¬ 
tion  oeenrred.  .All  the  doses  used  in  ])it!;s  wen*  bascal  upon  vasopressor  standardization. 

All  the  experiments  were  performed  with  bmr  female  “miniatnrt'"  pifjs  purchased 
from  th(‘  Hormel  Institute  of  .Austin,  .Alinnesota.  Dnrinn  tlu'  ex])('riments.  tlu'  wc'ijjht 
of  the  i)ins  varied  between  14.2  and  31. 

Preliminaiy  experiments  in  which  ethanol  or  ehloralose  was  used  as  an  anestlndie 
W(‘re  nnsatisfaetory  because  aspiration  of  orally-administc'ied  fluid  frecpiently  oeenrred. 
It  was  soon  diseovc'red  that  tlu'  pifts  could  be  rcaidily  trained  to  lie  (piietly  with  ffcntle 
restiaint.  .All  the  li'snlts  wert*  obtained  in  traini'd  nnain'sthetized  i)i}is.  For  hydiation 
tin*  initial  primiiif:;  dose  of  watc'r,  about  1,000  ml.  for  i)if!;s  weij>;hin{f  15  to  20  kf;;.,  was 
{fiven  by  stomach  tube  to  ])if>:s  restrained  in  a  dorsal  recumbent  position.  Thereafter 
owing  to  the  very  rajjid  flow  of  urine,  large  volumes  were  administei'cd  every  45  to  70 
minutes  to  maintain  the  load  of  administereil  but  unexereted  water  at  alxuit  1,000  ml. 
or  mor(‘  before  each  injection  of  vasopressin.  For  example,  in  F.xperiuumt  .A  of  Figure  1, 
the  total  dose  of  watei'  iueluding  the  priming  <lose  of  1.000  ml.  was  3,700  ml.;  in  lOxperi- 
ment  li.  the  total  dose  of  water  was  4,350  ml.  divided  into  flve  doses.  .After  the  initial 
hydration  a  .Alaleeot  indwelling  eatluder  was  inserted  into  the  bladder  where  it  remaiiu'd 
throughout  tin*  experimeut.  .Aftt'r  each  collection  the  bladder  was  washed  with  10  ml.  of 
water  which  was  addcal  to  tin*  urine  of  that  period. 

.All  injections  of  arginii\e  or  lysine  vasopressin  were  made  intravenously,  lu  the  earlier 
expc'i  iments  a  needle  attached  to  i)olyethylene  tvd)ing  was  placed  in  the  lateral  malleolar 
vein.  Subse(piently  a  nuxlification  of  the  metluxl  of  Carle  and  Dc'whirst  (4)  for  obtaining 
bhxxl  from  the  anterior  vena  cava  of  swine  was  used.  .A  thiii-walled  IN  gauge  needle,  1 
inches  long,  was  intiaxluced  through  tlu'  skin  of  the  neck  about  one  c(mtinu‘ter  cephalo- 
laterad  to  the  tij)  of  the  cariniform  cartilage',  and  was  directed  in  a  poste'i  ior,  medial  and 
caudal  direction  until  it  lay  within  and  under  the  arch  of  the  first  ribs.  .A  slight  further 
advance  placed  the  nee'dle  in  the  anteiior  vena  cava.  .As  soon  as  blood  was  obtained  tlu' 
syringe  was  removed  and  ]x)lyethyleiu'  tubing  (No.  50)  was  intrexlucixl  through  the 
needle  a  distance  of  12  to  20  cm.  This  placeil  tin*  tubing  well  down  into  tiu'  vi'na  cava 
or  the  right  atrium.  Tlu'  tubing  thus  could  be  used  foi-  injections  of  hoi  niones  or  for  infu¬ 
sions.  If  blood  sam])les  wei'c  concomitantly  desired,  a  second  polyethylene  tulx*  was 
similarly  inserti'd  into  an  ear  vein  and  advanecxl  beyond  the  base  of  the  ear.  No  un¬ 
toward  ('ffects  were  observed  from  either  manipulation. 

ICndogenous  creatinine  was  determined  in  tungstab'  filtrates  of  plasma  after  adsorp¬ 
tion  on  and  elution  from  Lloyd’s  reagent.  Frine  creatinine  was  determined  in  acidified, 
•  liluted  urine.  In  the  periods  in  which  inulin  clearance  was  being  nu'asured,  urine  cre¬ 
atinine  analysis  was  made  after  adsorption  with  elution  from  Lloyd's  reagent  (5). 

Para-aminohippurate  (P.AH)  and  inulin  were  determined  in  cadmium  sidfate  fil¬ 
trates  of  plasma  and  in  diluted  urines  by  the  methods  of  Smith  et  al.  (fi)  and  Schreiner  (7). 

Osmolality  of  irlasma  and  urine  was  measurc'd  by  a  semi-micro  modification  of  the 
Johlin  (S)  metluxl  utilizing  a  thermistor  and  a  DC  bridge  (9). 
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HESULTS 

Two  representative  experiments  in  one  pig  are  illustrated  in  Figure  1. 
This  pig  gained  2  kg.  in  weight  in  the  interval  of  o  days  between  experiment 
A  and  experiment  B.  The  intravenous  doses  of  the  vasopressins,  10  mu.  in 
eaeh  ease,  are  equivalent  to  International  Standard  Powder  as  estimated 
from  the  vasopressor  respon.se  of  anesthetized  rats.  The  secpienee  of  injee- 
tions  was  reversed  in  the  seeond  experiment  .so  that  three  injections  of  eaeh 
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hormone  could  he  given  in  the  two  experiments.  Ly.sine  vasopressin  is  the 
more  potent  hormone  in  two  of  three  trials  as  judged  by  the  decreased  rate 
of  excretion  of  urine  and  by  the  increased  concentration  of  osmotically 
active  substances  (increa.se  in  Uos.m  Pos.m  ratio).  In  the  first  injection  of  ly¬ 
.sine  vasopres.sin  in  experiment  B,  the  effect  on  the  ratio  Uos.m  Posm  is  about 
the  same  as  that  of  arginine  vasopressin;  on  the  other  hand  arginine  vaso- 
pre.ssin  caused  a  greater  reduction  in  the  volume  of  urine  in  this  comparison. 

The  clearance  of  endogenous  creatinine  is  shown  for  both  experiments. 
Although  one  large  unexplained  fall  in  clearance  occurred  during  the  first 
injection  of  experiment  A  and  there  were  smaller  variations  later  in  the  two 
experiments  it  is  believed  that  these  variations  did  not  repre.sent  circula¬ 
tory  changes  which  .seriously  modified  the  renal  re.spon.se  tp  the  vasopres- 
.sins.  In  four  other  experiments,  the  clearance  of  endogenous  creatinine  was 
similarly  determined.  Variations  were  slight  and  none  comparable  to  the 
change  during  the  first  injection  of  experiment  A  was  encountered.  It  will 
be  shown  later  that  the  clearance  of  endogenous  creatinine  in  the  pig  is  not 
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a  measure  of  tlie  true  rate  of  filomerular  filtration:  nevertheless  it  is  a  fairly 
satisfactory  guide  to  the  variations  which  may  have  occurred  in  experi¬ 
ments  such  as  those  of  Figure  1. 

Thirty-two  comparisons  of  the  antidiuretic  activities  of  arginine  and  ly¬ 
sine  vasopressins  injected  intravenously  in  doses  of  2-10  mu.  were  made 
under  conditions  as  nearly  comparable  as  possible.  Antidiuretic  effect  was 
expressed  as  percentage  decrease  in  urine  volume.  In  10  of  these  experi¬ 
ments  the  increase  in  the  osmolality  of  the  urine  after  a  vasopressin  was 
also  determined.  The  lesults  are  summarized  in  Table  1.  bysine  vasopres- 
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sin  was  the  more  potent  in  0o%  of  the  comparisons  based  upon  the  maxi¬ 
mum  percentage  decrease  in  the  volume  of  urine  following  the  injection  of 
hormone.  In  the  experiments  in  which  the  maximum  percentage  increase  in 
the  osmolality  of  urine  was  determined,  lysine  vasopressin  was  the  more 
potent  in  about  S0%  of  the  comparisons.  It  is  concluded  that  intravenous 
lysine  vasopressin  is  as  potent  and  possibly  slightly  more  potent  than  argi¬ 
nine  vasopressin  as  an  antidiuretic  agent  in  the  pig. 

Some  parameters  of  renal  function  were  investigated  in  four  experiments 
and  the  results  are  summarized  in  Table  2.  The  clearance  of  inulin  is  con¬ 
sidered  to  represent  the  true  rate  of  glomerular  filtration.  The  clearance  of 
endogenous  creatinine  was  consistently  lower  than  that  of  inulin.  The 
f'cR  CiN  in  39  periods  of  4  experiments  on  3  pigs  was  0.87  with  a  standard 
error  of  +0.01.5.  In  the  experiments  on  pigs  B  and  C,  the  clearance  of  both 
inulin  and  para-aminohippurate  were  determined.  The  results  indicate  that 
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tlio  filtration  fraction  is  approximately  ().2()  in  the  pi}?:  the  figure  for  man  is 
lower  {al)out  0.20)  and  that  for  the  doj;  is  somewhat  higher  (ahout  O.lil) 
(10). 

DISCUSSION 

The  experiments  here  reported  were  performed  on  growing  dwarf  pigs 
which  proved  to  he  excellent  animals  for  renal  function  studies  without 
anesthesia.  The  first  interest  was  in  the  comparative  effects  of  lysine  and 
arginine  vasopre.ssins.  Arginine  vasopressin  is  ahout  0  times  as  potent  as 
lysine  vasopressin  in  inhihiting  water  diuresis  in  dogs  when  they  are  in¬ 
jected  intravenously  in  eijual  vasopressor  doses  (:i).  When  antidiuretic  as¬ 
says  are  performed  hy  intravenous  injection  into  rats  anesthetized  with 
ethanol,  the  results  are  difficult  to  evaluate  because  they  depend  upon  the 
conditions  of  the  experiment.  For  example,  Thorn  (11)  concluded  that  the 
ratio  of  antidiuretic  activity  of  arginine  to  lysine  vasopressin  is  ahout  (i  and 
thus  resembles  what  was  previously  reported  for  the  dog.  Later  experi¬ 
ments  by  Sawyer  (12)  led  him  to  conclude  that  it  is  difficult  to  assign  a 
definite  ratio  of  potency  of  the  two  vasopressins  after  intravenous  injec¬ 
tion  in  rats.  He  concluded  that  the  peak  antiuretic  effect  from  the  two  vaso¬ 
pre.ssins  is  ahout  the  same  hut  that  arginine  va.sopressin  has  a  much  more 
persistent  action. 

The  antidiuretic  response  of  pigs  to  lysine  vasopre.ssin  is  of  special  inter¬ 
est  hecau.se  this  polypeptide  is  the  antidiuretic  hormone  of  this  mammal. 
Arginine  vasopressin,  judged  from  the  pharmacological  effects  of  extracts, 
is  the  secretion  of  all  other  mammals  which  have  been  investigated  so  far. 
In  the  experiments  reported  in  this  article  lysine  vasopressin  was  found  to 
he  as  potent  if  not  more  potent  than  arginine  vasopressin  as  an  intravenous 
antidiuretic  substance  (Fig.  1  and  Table  1).  This  was  true  whether  the  ef¬ 
fect  was  judged  from  the  transient  decrease  in  the  volume  of  urine  or  from 
the  increa.se  in  the  concentration  of  urinary  .solutes  (Uos.m  F,>sm).  This 
finding  is  in  marked  contrast  with  that  in  the  dog.  Both  vasopressins  pro¬ 
duce  antidiuresis  in  the  pig,  without  significantly  altering  glomerular  filtra¬ 
tion  rate. 

There  is  very  little  information  available  concerning  the  physiology  of 
the  porcine  kidney.  Dalgaard-Mikkelsen  cl  al.  (LI)  reported  inulin  clear¬ 
ances  of  3.()o  ml.  kg. /min.  in  young  pigs  under  urethane  sedation.  The\ 
did  not  mea.sure  creatinine  or  para-aminohippurate  clearances  or  uriia- 
osmolality. 

The  experiments  of  this  series  were  performed  in  unanesthetized  pif>s 
trained  to  lie  in  a  rea.sonahly  tramiuil  state  during  the  experiment.  During 
water  diuresis  under  a  heavy  water  load  ahout  20%  of  the  glomerular  fi  - 
trate  is  excreted  and  free  water  clearance  often  exceeds  1H%  .  These  pn- 
portion.s  are  unusually  high  for  a  mammal.  The  filtration  rate  of  appim  - 
mately  5  ml.  kg.  min.  is  also  very  high  for  a  mammal  of  this  size,  heii 
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surpassed  l)y  the  rat  ((i  ml.  k^.  min.)  Imt  not  l)y  tlie  dog,  rabbit  or  man 
(4. .3,  d.l  and  2.0  ml. /kg.  min.  respectively)  (10).  Likewise  the  renal  plasma 
flow  as  judged  by  the  clearance  of  para-aminohippurate  as  well  as  the  maxi¬ 
mal  tubular  transfer  of  para-aminohippurate  are  high  in  the  pig.  In  terms  of 
body  weight,  Cpah  is  higher  in  the  rat  (22  ml. /kg. /min.  compared  with 
10. o  ml.  in  the  pig)  Init  lower  in  other  mammals  (rabbit,  18  ml.:  dog,  18.5 
ml.:  and  man,  10  ml.)  (10).  The  maximal  rate  of  tubular  transport  of  para- 
aminohippurate  was  found  to  be  about  8.1  mg. /kg./ min.,  a  figure  which  is 
about  8  times  as  high  as  that  for  the  dog  and  much  higher  than  is  found 
in  man  (about  1.8  mg.  kg. /min.)  (10). 

The  clearance  of  endogenous  creatinine  was  consistently  lower  than  the 
clearance  of  inulin.  These  determinations  were  based  on  the  measurement 
of  so-called  “true”  creatinine  adsorbed  by  Lloyd’s  reagent.  It  is  po.ssible 
that  non-creatinine  chromagens  exist  in  pig  plasma  that  were  measured  by 
this  method  and  this  could  explain  the  low  Cck  Cin  ratio.  We  have  not 
ruled  out  the  possibility  that  plasma  creatinine  is  less  completely  filtered 
than  inulin  by  the  glomeruli  of  the  pig.  The.se  data  are,  therefore,  only  sug¬ 
gestive  that  there  may  be  tubidar  reabsorption  of  true  creatinine  in  the  pig. 
If  this  can  be  substantiated  by  studies  of  exogenous  creatinine  clearance 
and  the  use  of  tubular  transport  blocking  agents  the  pig  may  stand  in  sharp 
distinction  from  other  well-studied  vertebrates  that  excrete  creatinine  by 
glomerular  filtration  alone  or  by  filtration  and  tubular  secretion  (10). 
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DIFFERENCES  IN  THE  ANTIDHRETK’  RESPONSES  OF 
RATS  TO  THE  INTRAVENOUS  ADMINISTRATION  OF 
LYSINE  AND  ARGININE  VASOPRESSINS' 
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ABSTRACT 

When  injectt'd  intravenously  into  rats  anesthetized  by  ethanol,  lysine  vaso- 
jrressin  causes  au  anti<liuresis  that  is  as  intense  as  that  caused  by  arginine  vaso¬ 
pressin.  Its  duration  is,  however.  h‘ss.  Accurate  (piantitative  eoini)arison  of  the 
two  vasopressins  in  terms  of  this  assay  for  antidiuretie  activity  is  impossible 
unless  antidiuretie  activity  be  rigidly  defined. 

AIUHNINIO  vaisopre.-^sin  appears  to  he  tlie  neurohypophysial  anti- 
(liuretie  liormone  of  eattle,  man,  and  many  other  mammals.  It  eon- 
tains  arginine  as  the  penultimate  amino  aeid  in  the  polypeptide  chain. 
Hok  neurohypophysial  vasopressin,  however,  contains  lysine  in  this  posi¬ 
tion.  Commercial  vasopressin  is  derived  from  either  hog  or  cattle  pitii- 
itaries  or  from  mixtures  of  both.  Pharmacologically  the  two  vasopressins 
differ  siginificantly.  van  Dyke,  Eng:el  and  Adamsons  (1)  have  found  that 
one  pres.sor  unit  of  lysine  vasopres.sin  has  hut  one  sixth  of  the  antidiuretie 
activity  of  a  similar  (piantity  of  arginine  vasopressin  when  assayed  hy 
intravenous  injection  in  dogs.  If  arginine  va.sopressin,  therefore,  is  defined 
as  having  an  antidiuretie  to  vasopre.ssor  potency  ratio  of  1.00  then  this 
ratio  for  ly.-jine  vasopressin  in  the  dog  is  oidy  0.10.  If  lysine  vasopressin  is 
assayed  for  antidiuretie  activity  hy  suheutaneous  injection  in  rats,  how¬ 
ever,  its  antidiuretie  to  vasopres.sor  ratio  is  approximately  1.00. 

The  difference  in  antidiuretie  potency  hetween  lysine  and  arginine  vaso¬ 
pressins  as  assayed  in  rats  and  dogs  coidd  result  from  a  species  difference  or 
he  due  to  the  different  routes  of  administration.  We  will  demonstrate  that 
a  species  difference  does  certaiidy  exist  and  that  there  are  (pialitative  dif¬ 
ferences  in  the  antidiuretie  effects  of  the.se  hormones  in  the  rat  that  are  such 
that  (piantitative  comparisons  can  he  only  approximate. 

METHODS 

We  tiiive  used  a  modification  of  the  .leffers.  I.ivezy  and  .Vustiu  (2)  assay  for  auti- 
diuretie  activity  by  intravenous  injection  in  rats  anesthetizeil  with  ethanol.  The  watei 

Ht*eeived  .June  (i,  19')S. 

'  .Vided  by  grants  from  the  Smith.  Kline  and  French  Foundation  and  the  Xew  A'ork 
Heart  .\ss«>eiation. 
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loa<l  is  kept  (‘onstiiiit  as  iccoinineiHled  l)y  Dicker  (3)  at  S-10%  of  tlie  body  wei^lit.  This 
level  of  hydration  is  maintained  by  tlie  injection  of  l.'>%  ethanol  in  0.05%  Na('l  by 
stomach  tnbe  at  rates  sufficient  to  maintain  a  constant  weislit.  This  is  simpler  than  re- 
hydrating  with  a  volume  ecpial  to  the  uiiiu*  excreti'd  plus  an  arbitrary  excess  to  compen¬ 
sate  for  extrarimal  water  loss.  'I’he  maintenance  of  a  constant  weif!;ht  has  the  additional 
advantage  that  it  can  be  made  automatic  with  a  much  simi)ler  aj)paratus  than  the  out- 
flow-meter  relay-controlh'd  (h'vice  of  Houra  and  Dicker  (4).  Two  stainless  steel  wires, 
one  connected  to  the  beam  of  a  balance,  are  arranged  to  make  contact  and  activate  a 
lelay  whenevei-  the  weight  of  the  rat  deci'ea.ses  by  0.2  reday  drives  a  pump  that 

administers  the  hydrating  solutiitn  to  tin*  rat  until  its  weif>;ht  has  returned  to  the  select('d 
value  and  the  contact  is  broken. 

I'rine  flow  is  recorded  as  drops  each  minute  by  a  Thoi  ])  im))ulse  count»‘r. 

Injections  are  given  in  a  constant  total  volume  inclmling  wash  (usually  0.2  ml.) 
through  a  i)olyethylene  canmda  threaded  through  the  external  jugular  vein  into  the 
superior  vena  cava.  This  assures  that  the  administered  dos(‘  enters  the  circulation  by 
way  of  an  open  and  rapidly  flowing  vein.  An  interval  of  at  least  50  minutes  is  allowed  to 
elap.se  between  injections.  \  balanced  four  point  assay  design  is  usually  emi)loyed,  each 
rat  receiving  at  least  two  doses  of  standard  and  two  doses  of  unknown.  Potency  ratio  for 
(‘ach  assay  is  calculated  on  the  assumption  that  the  slopes  of  the  regr(*ssions  of  resj)onse 
on  log  do.se  for  unknown  and  standard  are  identical.  This  ichmtity  for  lysine  and  arginine 
vasopressins  is  assumed  for  convenience  of  calculation  but  the  validity  of  this  assump¬ 
tion  has  not  been  established. 

Vasopressor  activity  is  determined  by  intravenous  injection  in  rats  (5). 

In  soiiM*  of  tin'  experiments  a  conductivity  cell  made  of  two  short  lengths  of  stainless 
steel  needle  tubing  separated  by  about  2  mm.  of  j)olyethylcn(“  tubing  was  inserted  in  the 
cathet«‘r  leading  from  the  bladder.  .Vnother  length  of  needle  tubing  was  inserted  in  the 
catheter  between  the  rat  and  the  conductivity  cell.  This  tubing  was  passed  through  a 
loop  of  l  ygon  tubing  through  which  water  at  25°  (’  was  actively  circulated.  This  ar¬ 
rangement  was  adecpiate  to  cool  the  urine  to  api)roximat(“  room  tempeuature  i)iior  to 
conductivity  measurement.  The  entire  dead  space  from  kidney  to  conductivity  cell  was 
estimated  to  be  less  than  0.1  ml. 


RESULTS 

We  have  previously  used  a  certain  lot  of  Parke,  Davis  Pitressin  (Lot 
Xo.  MR70H)  as  a  working  standard  for  pressor  and  antidiuretic  assays. 
When  we  recently  restandardized  this  lot  we  took  the  precaution  of  deter¬ 
mining  its  antidiuretic  activity  by  intravenous  as.say  in  rats  as  well  as  its 
va.sopressor  activity.  A  significant  discrepancy  appeared  between  the  vaso¬ 
pressor  and  antidiuretic  assays  as  compared  to  the  reference  standard.  The 
antidiuretic  activity  was  otdy  about  7()%  of  tlie  vasopressor  activity. 

van  Dyke,  Kngel  and  Adamsons  (1)  reported  that  lysine  vasopressin  has 
an  antidiuretic  to  vasopre.ssor  ratio  of  about  0.10  in  the  dog  and  Thorn  (0) 
reported  a  .similar  ratio  based  on  intravenous  administration  in  rats.  We 
thought,  therefore,  that  the  Pitressin  sample  contained  a  mixture  of  lysine 
and  arginirie  vasopressins,  and  that  this  accounted  for  its  intermediate  ratio 
of  0.70.  The  manufacturer,  however,  informed  us  that  this  lot  of  Pitressin 
\vas  derived  wholly  from  hog  pituitaries.  It  contained,  therefore,  only  lysine 
vasopressin.  The  high  antidiuretic  to  vasopressor  ratio  was  in  apparent 
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TaBI.K  1.  AnTIOII  RKTIC  to  VASOI’RKSSOK  RATU»S  ok  AR<iI\I\K  AN!)  I.YSINK 
VASOPRKSSINS  BASKD  ON  INTRAVKNtll  S  INJKI'TION  IN  RATS 


'  r 

I’reparation 

XuinIxM’  of 
assays 

Mi'asnre  of  • 

'antiilinresis” 

10  ininiite  average 

1 

urine  flow 

.Miniiniiin  nriin*  How 

Arginine  vasopressin 

— 

1  .00 

1  .00 

I’itressin  M370H  (hog) 

() 

0.70+0.080 

0.00+0.13.') 

I.ysine  vasopressin 

10 

0.73+0.000 

0.02-0.100 

conflict  with  the  findings  of  Thorn  wlio  had  used  an  assay  basically  similar 
to  ours. 

We  proceeded,  therefore,  to  repeat  the  comparison  of  antidiuretic  and 
vasopressor  activities  of  the  vasopressins  using  highly  purified  natural 
lysine  and  arginine  vasopressin  prepared  in  Dr.  V.  du  Vigneaud’s  laboratory. 

By  our  standard  intravenous  assay  techni(iue  in  the  rat  purifed  lysine 
vasopre.ssin  appears  to  have  an  antidiuretic  to  vasopressor  ratio  of  0.73 
(Table  1).  The  measure  of  antidiuresis  in  this  method  is  the  ratio  of  urine 
flow  for  10  minutes  following  injection  to  the  urine  flow  for  10  minutes 
prior  to  injection.  Since  this  result  is  again  in  striking  conflict  with  Thorn ’.s 
(0)  report  we  decided  to  try  to  approximate  his  assay  more  closely.  He 
measured  antidiuresis  in  terms  of  the  increase  in  specific  gravity  of  the 
urine  collected  during  the  20  minute  period  following  injection.  We  felt 
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Fig.  1 .  Antidiuirtic  rpspoiises  of  a  22S  gin.  rat  to  the  intravenous  injection 
of  lysin*'  and  arginine  vasopressins  at  sc'veral  dose  levels. 
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tliat  specific*  gravity  was  a  doubtful  measure  of  osmolar  eoueentration, 
particularly  iu  the  presence  of  lup:h  urinary  ethanol  concentration.  l*hha- 
nol  also  makes  freezing  point  or  vapor  pressure  determinations  difficult  to 
interpret.  We  therefore  chose  to  follow  conductivity  changes  as  a  rough 
estimate  of  osmolar  concentration.  Under  these  conditions  the  hulk  of 
urinary  solute  is  present  as  \aCl.  Conductivity  has  the  additional  ad¬ 
vantage  of  being  suital)le  for  continuous  monitoring  and  automatic  record¬ 
ing. 

The  plotting  of  conductivity  following  arginine  and  lysine  vasopressins 
(Fig.  1)  reveals  a  very  characteristic  difference.  The  antidiure.sis  after  ly¬ 
sine  vasopressin  is  much  briefer  than  that  following  arginine  vasopressin. 
The  same  difference  is  evident  in  the  plot  of  urine  flow  but  was  not  ap¬ 
preciated  until  after  conductivity  changes  had  been  ob.served.  As  a  con- 
secpience  of  the  difference  in  the  time  course  of  antidiuresis  after  lysine  and 
arginine  vasopressins  any  precise  quantitative  compari.son  becomes  im¬ 
possible.  If  a  long  collection  period  is  measured  (Thorn  (fl)  used  20  minute 
periods  and  administered  vasopressins  in  doses  approximately  10  times  as 
great  as  we  find  necessary)  arginine  vasopressin  appears  more  potent.  If, 
on  the  other  hand,  the  intensity  of  antidiuresis  irrespective  of  duration  is 
the  criterion  of  activity  the  difference  between  arginine  and  lysine  vaso¬ 
pressins  becomes  insignificant.  If  antidiuresis  is  mea.sured  as  the  maximum 
depression  of  urine  flow  (in  practice,  the  minimum  urine  flow  over  a  three- 
minute  period)  the  antidiuretic  to  va.sopressor  ratio  of  lysine  va.sopressin 
approaches  1.0  (Table  1).  The  discrepancy  between  the  duration  of  anti¬ 
diuresis  after  high  doses  of  lysine  and  arginine  vasopressins  is  also  well  illus¬ 
trated  in  the  urine  volume  plot  in  the  third  figure  of  Thorn’s  paper  (0)  but 
he  does  not  comment  on  this. 

Conductivity  changes  were  inversely  proportional  to  the  changes  in 
urine  flow.  Estimations  of  antidiuretic  activity  based  on  conductivity 
changes  were  es.sentially  the  same  as  those  based  on  minimum  urine  flow. 
The  scatter  of  the  data  was  greater,  probably  as  a  result  of  unavoidable 
mixing  of  urine  in  the  dead  spaces  between  kidneys  and  conductivity  cell. 
Concentration  changes  in  this  preparation,  therefore,  as  estimated  by  con¬ 
ductivity  measurement,  do  not  appear  to  offer  a  useful  basis  for  (piantita- 
tive  assay  of  antidiuretic  activity. 

DISCUSSION 

Thorn  (7)  expresses  the  belief  that  his  findings  in  rats  (ti)  and  van  Dyke, 
Engel  and  Adamsons’  (1)  ob.servations  in  dogs  indicate  that  the  low  anti¬ 
diuretic  to  vasopressor  potency  ratio  of  lysine  vasopressin  is  an  inherent 
property  of  the  molecule  and  that  these  results  constitute  proof  that  the 
difference  in  relative  antidiuretic  potency  of  arginine  and  ly.sine  vasopres- 
dns  is  not  dependent  upon  species.  The  observations  reported  in  this  paper, 
that  lysine  vaj^opressin  has  approximately  as  intense  an  antidiuretic  effect 
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as  arsiinne  vasopressin  when  injected  intravenously  into  rats,  clearly  indi¬ 
cate  that  a  species  difference  does  exist  between  the  rat  and  the  dog.  In  the 
latter,  intravenous  lysine  vasopressin  exerts  a  much  weaker  antidiuretic  ef¬ 
fect  in  terms  of  both  intensity  and  duration  than  does  arginine  va.'iopre.'^sin. 
The  importance  of  species  variation  in  response  is  further  illustrated  by  the 
report  of  Munsick,  Sawyer  and  van  Dyke  (S)  that  lysine  vasopressin  is  as 
potent  or  more  potent  as  an  antidiuretic  agent  than  is  arginine  vasopressin 
when  administered  intravenously  to  pigs. 

.Vlthough  intravenous  lysine  vasopre.ssin  produces  as  intense  an  anti¬ 
diuresis  in  the  rat  as  arginine  vasopressin  the  duration  of  antidiuresis  is  less. 
This  qualitative  difference  makes  (juantitative  estimation  of  relative  po¬ 
tencies  dependent  upon  the  definition  of  antidiuresis  that  one  chooses  and 
upon  the  duration  of  urine  collection  periods  that  one  records  as  a  basis  for 
the  measure  of  antidiuresis. 
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NOTES  AND  COMMENTS 


XATI  RK  OF  RADIOIODIXF  XOT  DISCHARGEARLK  WITH  RKR- 
('HLORATK  IX  THE  THYROID  GLAXDS  OF  THIOERACIE- 
'I'REATED  RATS 

ABSTRAC'T 

A  Oironiatojfi-iiphic  iiivestigatioii  of  tin'  thyroidal  I'®*  whii-h  is  iioii-dischargeahle 
l>y  sodium  perchlorate  in  thiouracil-propylthiouracil  treated  rats  has  been  made. 

.\t  least  part  of  the  non-discduirgeable  I'”  has  Ix-en  shown  to  be  bound  to  protein. 
Tryptic  hydrolysis  of  this  protein  shows  that  it  contains  oruanic  I'”  as  mono- 
iodotyrosine  only. 

Halmi  and  Stuelke  (1)  have  rt'cmitly  shown  that  a  dose  of  sodium  perchlorate 
(XaC104)  which  completely  inhibits  active  collection  of  by  the  thyroid  glands  of 
propylthiouracil  (PTU)  treated  lats,  fails  to  discharge  all  the  accumulated  I*’*  when 
given  after  I**'  administration.  Gross  (ef.  2)  has  observed  that  i)art  of  this  I'”  not  dis¬ 
charged  by  NaC104  remains  at  the  origin  during  the  chroma tograi)hie  analysis  and  is 
jtresumably  protein-bound.  It  was  thought  of  interest  to  investigate  the  nature  (»f  this 
Itu-containing  fraction. 


MKTHOD.S  .^^■|)  MATI;KI.\LS 

.\dult  male  hooded  rats  weighing  between  150  and  200  gm.  were  maintained  on  the 
Hruce  and  Parkes  diet  41  (3),  and  most  of  them  were  given  0.1%  thiouracil  (TU)  in  5% 
sucrose  solution  to  drink,  ad  libitum.  The  animals  were  kept  on  this  regimen  for  10  days  to 
4  weeks  before  the  experiments  with  XaC104  or  other  anions  that  inhibit  thyroidal  iodide 
collection.  XaCl()4  or  the  other  salts  were  injected  intraperitoiu'ally,  under  light  ether  anes¬ 
thesia.  Carrier  free  P’*  was  injected  subcutaneously  in  ])hysiological  saline  solution.  The 
experiments  were  performed  as  shown  in  Tal)le  1. 


T.\bi,k  1.  Thkatmkxt  schkdules 


Xo.  of 

Pre- 

First  injection 

Time 

after  first  injection  (min.) 

rats 

treatment 

00 

120 

180 

12 

TU 

5  mg.  PTU 

200 mC.  U»' 

100  mg.  NaCU()4 

kill 

2 

.  Tl* 

5  mg.  PTU 

200  mC.  I”' 

10  mg.  NaC104 

kill 

2 

-  - 

5  mg.  PTU 

200  mC.  U»' 

100  mg.  XaClOi 

kill 

4 

TE 

5  mg.  PTU 

20  mC.  I  >3' 

— 

kill 

1 

— 

5  mg.  PTU 

200  mC.  U” 

— 

kill 

2 

— 

100  mg.  NaCl()4 

1000  mC.  I‘3' 

kill 

1 

TF 

100  mg.  XaCl()4 

200  mC.  U” 

kill 

1 

50  mg.  XaCK  >4 

.500  mC.  U3' 

.50  mg.  NatU()4 

kill 

3 

TU 

5  mg.  PTU 

200  mC.  U’‘ 

10,  25  or  100  mg. 

Xa  SCN 

kill 

2 

TU 

5  mg.  PTU 

200  mC. 

100  mg.  NaCKFi 

kill 

2 

TU 

5  mg.  PTU 

200  mC.  U»' 

100  mg.  NaXOa 

kill 

2 

— 

20  mC.  U” 

— 

kill 

The  rats  were  killed  by  exsanguination  under  ether  anesthesia,  the  thjToids  were  re¬ 
moved,  and  subjected  to  the  following  treatments: 

1.  .\  small  piece  of  each  lobe  was  snipped  with  scissors  and  pressed  with  a  flattened  glass 
rod  onto  Whatman  filter  paper  No.  1  at  the  point  marked  origin  (()),  and  allowed  to  dry. 

2.  Portions  of  each  lobe  were  heated  in  a  water  bath  at  80-85°  in  0..5N  NaOH  for  10-15 
minutes. 

3.  Portions  of  each  lobe  wer*;  hydrolysed  with  trypsin  in  XH3-XH4Cl-urea  or  borate 
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buffers  at  pH  8.0  lor  24  hours.  Alupiots  of  the  hydrolysates  and  the  unhydrolysed  thyroid  were 
analysed  by  ascending  chromatography  in  «-l)utanol  saturated  with  2X-acetic  acid  (H.\c) 
and  in  n-butanol-dioxan-2X-XH.t  (4: 1 :5)(H1).\).  TL'  was  added  to  both  solvents  to  prevent 
oxidation  of  iodide  on  the  chromatograms.  Monoiodotyrosine  (MIT),  diiodotyrosine  (DIT), 
thyroxine  (T<)  and  iodide  were  used  as  carriers  to  identify  the  radioactive  compounds  present. 
The  iodo-amino  acids  were  stained  by  the  method  of  (iross  and  Leblond  (4);  iodide  was 
stained  with  palladium  chloride.  The  radioactivity  on  the  chromatograms  was  measured 
with  an  automatic  strij)  count«‘r. 

Saline  extracts  of  the  thyroid  glands  from  normal  and  PTU-XaCI04  treated  rats  were 
compared  1)3’  paper  electrophoresis  in  a  buffer  containing  0.5.1/  THIS,  0.021.V/  versene  and 
0.075.1/  boric  acid,  and  in  two  barbital  butb'rs:  sodium  barbital-acetic  acid-KCl,  pH  7.5  and 
sodium  barbital-H(’l,  j)H  8.0. 


RK.su  LTS 

^Tlie  results  ar»‘  sliown  in  Figures  1,  2  and  3.  Figure  l.\.  sliows  that  in  the  tliyroid 
gland  of  normal  rats  the  1'^'  was  contained  predominantly  in  thyroglobulin  2  hours 
after  injection — this  remained  at  the  origin  in  HD.V  (and  in  B.Vc).  Figure  IH  shows 
that  this  thyroglobulin,  after  24  hours’  tryidic  digestion,  was  found  to  contain  mo.stl.v 
MIT  and  DIT.  (We  have  found  that  in  our  rats  labeled  T4  is  not  alwa.vs  pre.sent  in  the 
th.vroid  2  hours  after  1'”  injection.)  Figure  2('  demonstrates  that  rat  thyroid  after  FTF 
alone  followed  bv  I'-”  contained  onlv  iodide.  This  residt  was  obtained  both  with  i)revi- 
ousl.v  untreatt'd  animals  and  with  animals  ])n‘treated  with  TF.  .^fter  P'J'r  and  I'-’' 
followed  l)_v  X'aCl()4  (Fig.  21))  the  thvroid  gland  contained  iodide  together  with  organi¬ 
cally  bound  iodine  which  rtunained,  like  thyroglobulin,  at  the  origin  of  the  chromatogram. 
Tr\  i)tic  hydrolysates  of  the  glands,  when  chromatograi)hed  in  BD.V  (Fig.  21i)  and  H.\c 
(Fig.  2F)  show<‘d  that  tin*  bound  organic  iodine  was  in  the  form  of  MIT  onlv.  The 
amounts  of  protein-bound-M IT  (FB-MIT)  obtained  were  variable  but  sonutinu's  were 
as  high  as  00%  of  the  total  1''’'  in  the  gland.  In  the  tln  roid  of  a  rat  which  was  given  TF 
chronically  and  XaClOi  before  the  injection  of  I'-'”  radioactivity  was  predominantly  in 
the  form  of  iodide,  but  soim*  did  remain  at  the  origin.  There  was  not  enough  activit.v  in 
the  latter  fraction  to  i)ermit  chromatographs  aft('r  hydrol.vsis. 

When  rats  were  treated  with  X’aCl()4  without  preceding  TF  or  PTF  administration, 
only  diffusion  of  I*’’  juesumablv  took  plaia*.  Figure  3C1  shows  that  this  iodine  was  organi¬ 
cally  bound  in  the  thyroid;  aft(“r  hydrolysis  a  “normal”  (i.e.  thyroglobidin-like)  distri¬ 
bution  of  MIT,  DIT  and  T4  was  ob.served  (h'ig.  3H). 

It  appt'ars  from  tlie.st*  exj)eriments  that  at  least  part  of  the  non-dischargi-able  iodine 
in  thyroids  of  rats  tr(*ated  with  PTF  before  and  with  XaCd04  after  administration 


Fig.  1.  Chromatographic  analysis  of  I'^'-labeled  th.vroglobulin  in  normal  rat  thyroid 
.\:  before  hvdroh'sis;  B:  aftc'r  trvptic  lu’drolvsis.  In  this  and  the  subsequent  figures  ( 
denotes  origin,  SF  solvent  front. 


Xovi  nihtr,  lOoS 


NOTES  AND  COMMENTS 


701 


Fig.  2.  C.  Chromatographic  analysis  of  thyroid  from  rat  treated  with  PTE  followed 
by  P**.  D.  Chromatographic  analysis  of  thyroid  from  rat  treat('d  with  PTE,  P’*  and 
NaC104.  E,  F.  Same  as  1),  after  tryptic  hydrolysis. 

consists  of  a  protein  containing  P’‘  as  MIT  only.  Even  when  animals  were  killed  o  hours 
after  P*'  administration,  with  hourly  injections  of  20  mg.  of  NaClOt  starting  1  hour 
aftei'  P^'  (not  shown  in  Table  1),  labeled  MIT  alone  was  found  in  the  protein  hydroh'- 
sate. 

Tlu'  PH-MIT  was  electrojjhoretically  indistinguishable  from  normal  thyroglobuliu. 
This  contrasts  with  the  results  of  Gross  (cf.  2)  who  found  that  unlike  normal  thyroglobu- 


Fig.  3.  Chromatographic  analysis  of  P^'-labeled  thyrogIol)urm  in  thyroid  of  rat 
which  received  no  TE  or  PTE,  and  P”  following  NaCl()4  administration.  G:  before 
hydrolysis;  H:  after  tryptic  hvflrolysis. 
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lin  tliis  iii)n-<liscliarn(‘al)l(‘  I*”  i)()ss('s.sc‘d  littlo  (‘loctrophorotic  nioliility  in  l)arl)ital  huffer 
at  i)H  S.O;  the  roason  for  tliis  discirpancy  is  unknown. 

'rh(‘  PH-MIT  was  .soinotimos  found  to  Ire  more  lairile  to  alkaline  hydi'olysis  than  was 
normal  thyroslohulin.  In  some  e.xireriments  all  the  MIT  was  liberated  by  heatiiif!;  for 
10  minutes  at  S5°  in  0..5N  NaOH.  Similar  treatment  of  normal  rat  thyroKlobulin  gave  rise 
to  eom|)ounds  with  a  low  ehromatosinphie  mobility  which  were  presumably  MIT  and 
DIT  jreirtides,  since  further  hydrolysis  liberatc'd  both  these  amino  acids. 

PB-.MIT  was  also  formed  when  smaller  doses  of  N.\C104  (10  mg.),  soflium  thio¬ 
cyanate  (NaSCN),  sodium  chloratt'  (NaClOs)  (tr  sodium  nitrate  (NaNOj)  were  ad- 
ministenal;  with  the  three  last-named  compounds  (see  Table  1  for  dosages)  the  amounts 
formed  were  very  small,  rarely  e.xcetaling  o%  of  the  total  I*®*  in  the  gland. 

CO.MMKNT 

TE  and  PTl,'  treatment  completely  inhibit  iodine  binding  in  the  thyroid  gland,  but 
permit  iodidi*  collection  to  proceed.  However,  NaC104  given  to  rats  pretreated  with 
TE  and/dr  P'l'E  does  not  discharge  all  the  concentrate*!  iodide,  and  in  fact  permits  a 
small  amount  of  organic  incorjjoration  to  take  place.  If,  as  has  been  suggesteil,  the  thiol- 
antithyroid  drugs  act  partly  by  keeping  iodide  in  the  retluced  state,  NaCK)4  might,  in 
th<‘  high  concentrations  u.sed  in  thes**  experim«‘nts,  interfere  with  the  iodicle-thiouracil 
n‘action. 

This,  however,  is  not  likely  to  be  the  complete  explanation.  The  oidy  ioilination 
process  which  is  re.stored  by  NaC104  to  the  PTE-blocked  gland  is  that  of  tyrosine  to 
MIT;  n(»  further  iodination  to  DIT  takes  place.  In  this  connection  it  is  interesting  to 
note  that  in  hydrolysates  of  certain  non-toxic  nodular  goiters  (5)  and  thyroid  cancers 
(0)  the  irroportion  of  .MIT  to  oth(*r  iodo-amino  acids  is  very  high.  Furth(*r,  thyroid 
homogenates  can  bind  iodine  in  organic  linkage,  but  only  as  MIT  (7),  as  can  early  fetal 
thyroids  before  they  ac(|uire  the  ability  to  produce  thyroid  hormone  (H).  Lastly  the 
mammary  gland  (9,  10)  also  incorporates  iodine  into  protein  linkage  and  secretes  the 
iodoi)rotein  into  milk:  this  protein  on  hydrolysis  also  yields  predominantly  .MIT.  It 
appears  therefore  that  the  organic  binding  of  iodine  to  MIT  is  a  primitive  process  which 
can  take  place  in  other  organs  and  in  di.sorganized.  incompletely  dev'cloped  or  ilisrupt<‘d 
thyroid  tissue.  Further  elaboration  to  the  thyroid  hormones  must  retjuire  special  en¬ 
zymes  which  are  (tnly  pres*‘nt  in  the  thyroid  and  which  depend  for  their  activity  on  the 
integrity  of  the  cell. 

The  organic  binding  of  iodine  which  takes  place  in  thiocarbamide-blocked  thyroids 
after  tin*  administration  of  NaC104  (and  probably  owing  to  the  action  of  this  ion)  re¬ 
sembles  the  j)rimitive  jrrocc'.ss  of  bound  .MIT  formation  seen  in  the  conditions  listed 
above,  ratlu'r  than  the  proce.ss  of  thyroid  hormone  biosynthesis. 

Rosalind  Pitt-Rivkrs, 
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THE  ENDOCRINE  SOCIETY 

1959  Annual  Meeting 

The  Forty-First  Annual  Meeting  of  The  Endocrine  Society  will  be  held 
in  the  Haddon  Hall  Hotel,  Atlantic  City,  New  Jersey,  Thursday,  Friday, 
and  Saturday,  June  4,  5,  6,  1959. 

The  Chairman  of  Local  Arrangements  is  Dr.  Matthew  Molitch. 

Scientific  Sessions  will  be  held  from  9:00  a.m.  to  5:00  p.m.  daily,  and  in 
addition  there  will  be  simultaneous  afternoon  sessions.  The  annual  dinner 
is  scheduled  for  Friday,  June  5th  at  7:30  p.m.  preceded  by  cocktails  at 
6:. 30  P.M. 

All  members  are  urged  to  make  their  hotel  reservations  immediately.  The 
Chalfonte-Haddon  Hall  Hotel  will  hold  300  bedrooms  for  members  until 
May  1,  1959,  after  which  time  the  hotel  will  not  guarantee  further  reserva¬ 
tions.  Therefore  it  is  imperative  that  you  make  your  reservations  now 
directly  with  the  hotel,  advising  them  of  time  and  date  of  arrival  and  de¬ 
parture.  Make  your  reservations  now  and  avoid  disappointment. 

Final  program,  membership  card  and  advance  registration  forms  will  be 
sent  on  May  1st  1959  to  members  whose  current  dues  have  been  paid. 

Those  wishing  to  present  papers,  which  will  be  strictly  limited  to  ten 
minutes,  should  send  four  copies  of  the  title  and  abstract  to  the  Vice- 
President,  Dr.  Frank  Engel,  Duke  Hospital,  Durham,  North  Carolina, 
not  later  than  February  1,  1959.  It  is  imperative  that  the  abstracts  be  in¬ 
formative  and  complete  with  results  and  conclusions — not  a  statement  that 
those  will  be  presented  at  the  meeting — in  order  that  they  may  be  of 
reference  value  and  suitable  for  printing  in  the  program.  The  reading  and 
processing  of  approximately  two  hundred  abstracts  submitted  each  year 
and  compiling  of  the  program  from  these  involves  a  tremendous  amount  of 
time  and  effort  on  the  part  of  the  Program  Committee.  The  Council  re¬ 
quests  that  authors  adhere  strictly  to  the  following  rules  when  submitting 
abstracts,  otherwise  they  cannot  be  considered: 

1.  IT  IS  ASSUMED  THAT  ABSTRACTS  SUBMITTED  FOR  THIS 
PUOORAM  HAVE  NOT  AND  WILL  NOT  BE  SUBMITTED 
ELSEWHERE. 

2.  Abstracts  may  not  exceed  two  hundred  words,  or  equivalent  space, 
exclusive  of  title.  No  footnotes  or  acknowledgements  to  sponsors  can 
be  published.  Reference,  if  used,  must  be  placed  in  the  body  of  the 
text.  The  abstract  should  consist  of  a  single  paragraph,  if  possible. 
Structural  chemical  formula  cannot  be  used. 

3.  The  title  heading  must  be  arranged  as  follows: 

Line  1.  Title,  not  to  exceed  fifteen  words. 
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Line  2.  Author  s.  The  name  of  each  non-member  author  collaborat¬ 
ing  with  member-authors  is  to  be  followed  by  the  phrase 
“(by  invitation).”  Names  of  non-members  who  are  ijitro- 
duced,  i.e.,  who  are  not  collaborators  with  member-authors, 
are  to  be  followed  by  the  phrase  “(introduced  by  .  .  .  ).”  The 
principal  degree,  e.g.,  M.D.,  of  each  author  should  be  written 
after  his  name. 

Line  3.  Institution  of  origin  and  city  in  which  institution  is  located. 

4.  The  body  of  the  abstract,  typed  double  space,  should  follow  the  head¬ 
ing.  The  original  copy  should  be  on  bond  paper.  There  should  be 
three  copies. 

5.  Abstracts  should  be  letter  perfect,  since  there  will  be  no  opportunity 
for  proof  reading  by  the  authors. 

1959  AWARDS 

The  selection  of  the  recipients  of  the  awards  of  The  Endocrine  Society  is 
made  by  a  Committee  appointed  by  the  Council  of  the  Society.  These 
awards  and  fellowships  carry  no  obligation  by  the  recipient  to  the  Society 
or  to  the  donors. 

Fred  Conrad  Koch  Award 

During  the  past  year  a  substantial  legacy  has  been  bequeathed  the 
Society  by  the  late  Elizabeth  Koch  for  the  purpose  of  establishing  the 
Fred  Conrad  Koch  Memorial  Fund  in  memory  of  her  late  husband,  dis¬ 
tinguished  service  professor  of  physiological  chemistry  at  the  University 
of  Chicago  and  pioneer  in  the  isolation  of  the  androgens.  This  is  to  be  the 
highest  honor  of  the  Endocrine  Society  and  is  to  be  represented  by  a 
medal  that  is  to  be  known  as  the  Koch  Medal  of  The  Endocrine  Societ}-. 
The  medal  and  honorarium  of  S3,500  is  to  be  given  annually  to  an  indi¬ 
vidual  for  work  of  special  distinction  in  endocrinology. 

The  recipient  shall  be  chosen  from  nominations  presented  by  members 
of  the  Society  and  is  limited  to  citizens  of  the  United  States  and  Canada. 
This  award  will  replace  the  Medal  of  the  Endocrine  Society  which  was 
established  in  1954  and  presented  to  Dr.  Carl  Moore  in  1955,  Dr.  Frederick 
L.  Hisaw  in  1959,  Dr.  Joseph  C.  Aub  in  1957  and  Dr.  1.  L.  Chaikoff  in 
1958.  The  Endocrine  Medal  replaced  the  E.  R.  Squibb  Award  which  was 
formerly  the  highest  honor  bestowed  by  the  Society.  Past  recipients  of  the 
Squibb  Award  were  Dr.  George  W.  Corner  in  1940,  Dr.  Philip  E.  Smith 
in  1941,  Dr.  Fred  C.  Koch,  1942,  no  award  was  given  in  1943,  Dr.  E.  A. 
Doisy  in  1944,  Dr.  E.  C.  Kendall  in  1945,  Dr.  Carl  ().  Hartman  in  1940, 
Drs.  Carl  F.  and  Gerty  T.  Cori  in  1947,  Dr.  Fuller  Albright  in  1948,  Dr. 
Herbert  Evans  in  1949,  Dr.  C.  N.  H.  Long  in  1950,  Dr.  J.  B.  Collip  in 
1951,  Dr.  James  H.  Means  in  1952  and  Dr.  David  Marine  in  1953. 
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The  Ciba  Award 

The  Ciba  Award,  to  recognize  the  meritorious  accomplishments  of  an 
investigator  not  more  than  35  years  of  age  in  the  field  of  clinical  or  pre- 
clinical  endocrinology,  was  established  in  1942,  but  no  recipient  was 
selected  in  1942  or  1943.  In  1944  the  Award  was  presented  to  Dr.  E.  B. 
Astwood,  1945  Dr.  Jane  A.  Russell,  1946  Dr.  Martin  M.  Hoffman,  1947 
Dr.  Choh  Hao  Li,  1948  Dr.  Carl  Heller,  1949  Dr.  George  Sayers,  1950 
Dr.  Oscar  M.  Hechter,  1951  Dr.  Albert  Segaloflf,  1952  Dr.  Seymour  Lieber- 
man,  1953  Dr.  Sidney  Roberts  and  Dr.  Clara  Szego  (Mrs  Roberts),  1954 
Dr.  Isadore  M.  Rosenberg,  1955  Dr.  Jack  Gross,  1956  Dr.  Alfred  M. 
Bongiovanni,  1957  Dr.  Nicholas  S.  Halmi,  1958  Dr.  Monte  Arnold  Greer. 
Prior  to  1952  the  Award  was  81,200.  It  has  now  been  increased  to  82.500. 

The  .\yerst  and  the  Squibb  Fellowships 

The  Ayerst  Fellowship  was  established  in  1947  and  the  Squibb  Fellow¬ 
ship  in  1956.  They  are  designed  to  assist  men  or  women  of  exceptional 
promise  in  furthering  their  advancement  towards  a  career  in  endocrinology. 
Each  Fellowship  is  awarded  on  alternate  years  and  the  stipend,  which 
will  not  exceed  85,000  may  be  divided  into  two  Fellowships  in  varying 
amounts  in  accordance  with  the  qualifications  of  the  appointees.  Indi¬ 
viduals  pos.sessing  the  M.D.  or  Ph.D.  degree,  or  candidates  for  either  of 
these  degrees,  are  eligilile  for  appointment. 

.\pplicants  must  submit  the  following  information: 

1.  Evidence  of  scientific  ability  as  attested  by  studies  completed  or  in 
progress. 

2.  Recommendations  from  individuals  familiar  with  the  candidate  and 
his  work. 

3.  A  proposed  program  of  study. 

4.  Acceptance  of  the  individual  by  the  head  of  the  department  in  which 
the  Fellowship  will  l)e  held. 

5.  \  statement  that  he  or  she  will  serve  full  time  if  awarded  a  Fellow¬ 
ship.  .V  small  amount  of  time  (10  to  15  per  cent)  may  be  spent  in 
course  work  or  participation  in  teaching,  the  latter  purely  on  a  volun¬ 
tary  basis. 


The  Scherixg  and  the  Up.iohx  Scholars  of 
The  Exdocrixe  Society 

The  Council  of  The  Endocrine  Society  has  established  a  category  of 
Scholars.  These  grants  have  been  made  available  through  the  generosity 
of  the  Sobering  Corporation  and  the  Upjohn  Company,  and  will  be 
awarded  to  established  investigators  and  teachers  in  the  field  of  endocrin¬ 
ology  who  wish  to  extend  their  opportunities  for  work  either  in  this  coun¬ 
try  or  abroad. 


Xovemher,  10i>S 


THE  ENDOCRINE  SOCIETY 


707 


The  awards  will  not  exceed  S2,5()0  annually  for  each  individual  and  will 
he  granted  on  the  basis  of  proposals  submitted  l)y  the  applicant,  t^ueh 
applications  should  include  estimated  financial  needs.  The  funds  may  be 
used  for  travel,  maintenance  and  other  expenses. 

Nominations 

Nominations  for  the  Fred  Conrad  Koch  Award;  the  ('il)a  .\ward;  and 
the  Ayerst  and  the  Hquil)b  Fellowships  may  be  made  by  any  member  of 
The  Endocrine  Society.  They  should  be  submitted  on  forms  which  may  be 
obtained  from  the  Office  of  the  Secretary,  1200  North  Walker  Street, 
Oklahoma  City  3,  Oklahoma.  Completed  nominations  shoidd  be  returned 
to  the  Secretary  not  later  than  October  15,  1058. 

Proposals  for  appointments  as  Scholars  of  The  Endocrine  Society  should 
be  matle  in  writing  by  the  individual,  and  addressed  to  the  Secretary  of 
the  Society.  They  should  be  submitted  by  October  15,  1058. 

The  Awards  Committee  will  meet  in  October  and  notice  of  awards  to 
successful  nominees  and  applicants  will  be  made  not  later  than  December 
1st. 


NATIONAL  ACADEMY  OF  SCIENCES 

The  Division  of  Medical  Sciences  of  the  National  Academy  of  Sciences 
National  Research  Council  is  accepting  applications  for  grants-in-aid  of 
research  for  consideration  by  the  Committee  for  Research  in  Problems  of 
Sex.  The  funds  for  support  of  this  program  are  provided  by  the  Rockefeller 
Foundation  and  the  Ford  Foundation.  The  Committee  is  eoncerned 
primarily  with  encouraging  research  on  the  mechanisms  underlying  sexual 
behavior,  with  special  emphasis  on  the  higher  mammals  and  man.  Pro¬ 
posals  involving  endocrinological,  neurological,  psychological,  anthropo¬ 
logical,  phylogenetic,  and  genetic  studies  directed  toward  this  objective 
are  therefore  invited.  Requests  that  deal  with  the  physiology  of  reproduc¬ 
tion  or  with  related  biological  and  biochemical  fields  should  be  addressed  to 
the  Committee  only  if  they  give  promise  of  shedding  light  upon  behavioral 
mechanisms. 

Preliminary  inquiries  should  be  addressed  to  Room  411,  Division  of 
Medical  Sciences,  National  Academy  of  Sciences-  National  Research 
Council,  2101  Constitution  Avenue,  N.  W.,  Washington  25,  1).  C.  Com¬ 
pleted  applications  for  the  fiscal  year  1959-1900  should  be  postmarked  on 
or  before  January  15,  1959. 
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CORRECTION 

In  the  article  hy  Taurog,  Tong  and  Chaikoff  “Thyroid  Metabolism 
in  the  Absence  of  the  Pituitary”  which  appeared  in  Endocrinology  046 
(May)  lOoS,  the  value  in  Table  1,  line  2,  column  .4,  should  be  0.089,  in¬ 
stead  of  0.89. 


